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ABSTRACT

I Laboratory tests were conducted on rock core samples received

from ten core holes drilled in the Laramie range, Wycming, to deter-

- inent the integrity and mechanical behavior of the materials. The re-

suits were to be used to determine the usefulness of the Warren Siting

SArea for potential missile sites. Series I tests (relative hardness, 311
I specific gravity, compressive strength, sonic velocity, etc.) indi-

- cated the materials to be relatively uniform, competent granite, dio-

rite, and gneiss rock. Series II tests (triaxial, hydrostatic, and

confined compression) indicated the rock to be rather incompressible • j

Sand brittle up to 36,000-psi triaxial stress. Series InI tests indi-

cated that the granite and diorite had Hugoniot elastic limits of 50 I
kilobars or more and the gneiss approximately 20 kilobars. In order

"to better define the physical and mechanical behavior of the rock,

triaxial tests to approximately 150,000 psi on intact and jointed

specimens and equation of state tests at pressures to approximately "

600 kilobars sbhald be conducted. V
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,tulj -=.d in the Concrete Division of the U. S.

Arry Engineer 1401--l tExperiment Station (WES) under the spon-

4
sosi o teU. :. ALr -Force Space and Missile Systems Organi-

zation (SA3.-33) 1 t?4se Air Force Systems Command. The study was

coorinaed ithLT Rupert G. Tart, Jr.. SA14O Project Officer,

Iand Mr. 1i iP. 1Loxrple7 of Aerospace Corporation, San Be rnardino

California. The- vork. van Ltccocnplished during the Period June 1968

to February 196-9 unji-r the general supervision of Mv4?. Bryant Mather,

Chief, Concrete DIVision, and under the direct Supt. .sion of

Messrs. J. 14. Pol'Lttyw Chiafj, Engineering Mechanics Branch., W. 0.

~4 Tynes, Chief, Concre~te and Rock Properties Section., and X. L.

Saucier,, Project officer. Project leaders were Mr. D. L. Ainsworth

for the special ("erlec III) tests,, Mr. A. D~. Buck for the petrog-

~~21 raphy work, and Mr, E~. E. McCoy for the ther.al and sonic work. :
Mr. Saucier perforrmed the zaJority of the prograjm aflalysis., and

prepared this repo'rt with the assistance of Mr. Ainsworth.

R Directors of the WES during the investigation and the prepara-

tion and publication of this report were COL John R. Oswalt, Jr.,
CEA

and COL Levi A. 11rownt CE. Technical Director wa Mr. J. B.

Tiffany; Assistantk Technical Director was Mr. F. R. Brown.
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COITNER3OIN FACTORS, BRITISH TO 14ETRIC UNITS OF EASUREMM'I

British ui.:i- of ireasurement Used 3n this report can be converted to Inetri-. units as follows.

multiply By To Obtain---------------

5nches 2.54 centimeters

i eet D.3048 meters
feft ps . 0.3048 meters per second 

2

pound-, 0.45359237 kilogramspounds per square inch 0. 070307 kilograms per square centimeter
-`pa per square inch 70.307 kilograms per square centimeter

pounds per cubic foot 16.0185 kilograms per cubic meter

AN
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fI1TRODUCTION A

1.1 BACKGROUND

4 "The purpose of this study was to supplement the information

being obtained for the hard rock missile-siting investigation by

I: the U. S. Air Force Space and Missile Systems Organization (SAMSO).

It was necessary to define the properties required on the specific

mat-rials for utilization in the various computer codes for ground-

motion predictions and as necessary for design of structures ill

J the medium. Results of tests on cores from the Laramie range

near Warren AM9, Wyoming, are reported herein.

1.2 OBJECTIVE

The objective of this investigation was to conduct laboratory

tests on samples from potential missile sites to determine the

integrity and the mechanical behavior of the materials as comn-

'•- pletely as possible, analyze the data thus obtained, and report

-i the results 0o appropriate users.

i 1.3 SCOPE
Laboratory tests were conducted as indicated on the following

page on samples received from the field. Table 1.1 gives pertinent

information on the various tests.

8
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Series I tests, conducted to determine the general quality,

uniformity, and integrity of the rock in the area sampled:

(1) relative hardntss (Schmidt niunber), (2) specific gravity,

(3) porosity, (4) ind.r-ect tension, (5) unconfined shear, (6) un-

confined compression, (7) cyclic compression, (8) dynamic moduli,

(9) sonic velocity, and (10) petrographic examination.

i Series II tests, conducted to define the elastic properties of

selected types of rock uider various states of stress: (1) triaxial

compression, (2) h.ydrostatic compression, and (3) confined

Series III tests, conducted to define the pressure-volume

L relation of selected types of rock at very high rates of load:"D.4

(1) low pressure (air gun) and (2) high pressure (explosives).

SSamples were received from 10 holes in the Warren Siting Area

Sdesignated as Laramie and CR-4, -10, -15, -19, -32, -35, -39, -42,
!1

and -48. All samples were NX size cores (2-1/8-inch diameter) j;

S I except the Laramie core which was 1-7/8 inches in diameter. Test

j Ispecimens of the required dimensions as given in Table 1.1 were

IN

SA table of factors for converting British units of measurement I

to metric units is presented on page 7.

iii



I rI
prepared for the indi-idual tests. Series 1 tests were conducted on

selected specimens from all holes.* Series II and III tests were

iii?'conduct11ed on specimens of the La~ramie core and core from HolesJ ~CR-i*2 a~nd CR-lO.

* The immediate need for the test results required that data,

reports be compiled and forwarded to the users as work was comn-

pleted on each hole. The data reports of the individual test

results are included herein as Appendixes A through L.

AlA
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CHAPTER 2

, j:-i TEST METHODS

ii 2.1 SCH1IDT RNU.ER

The Schmidt number is a measure of the relative degree of hard-

Snhess as determined by the degree of rebound of a smal mss propelled

against a test surface. Twenty-four readings per specimen were taken

as sugggested by Deere and Miller. The average of these readings is
the Schmidt nunm-er or relative hardness. The hardness is often taken

P 1 -as an apprmda-ation of rock quality, and may be correlated with other

physical tests such as strength, density, and modulus.

2.2 SPECIFIC GLAVITY A0! POR.OSI`TY
I The specific gravity of the "as-received" samples was determined

L•i bY the loss of weight method conducted according to method CRD-C 1071•i of the "Handbook for Concrete and Cement" 2  A pyenometer is utilized

H--1

1 Deere, D. U. and Miller, R. P.; "Engineering Classification and

Index Properties for Intact Rock"; Technical Report No. AFWL-TR-

65-116, December 1966; Air Force Weapons Laboratory, Kirtland Air

Force Base, N. Mmx.; Unclassified.

2 U. S. Arny Engineer Waterways Experiment Station, CE; "Handbook for

Concrete ani Cement"; August 1949 (with quarterly supplements);

Vicksburg, Miss.; Unclassified.

12a
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to deterenane the t c:t! vof weaht c.-e tile sftuer u he poi;s-bmpl u.zl The

sncfspecific L'- , qca.i 1 tq t•,oLh ie n :d'ri r o ntdi.id bt lioss

of wei!ht in water.

f oroditr , hure in defsiure a s c areic of oily exasres:ed as aiV!ppercentage of total volume, was determined after t~he saiaulcs utilized

for the specific f~fav'ity t had 'ieen dried to r'onztant- weight .

The amount of~ u'ater forcedt into the test sain-Dle under 1200-psi

FB fluid pressure in a pressure pycriomet-er was carefully measured.

Utilizing the knc:nm density of the water, the void space "n the test

sample was calculated. For very dense rmterial, the sample was

broken into small pieces to alluow the fluid to saturate it.

2.3 TEU3SILE A-WD 3hER STREM1ThS

The tensile strength uras determined by the indirect method,

com-only referred tb as the tensile splitting or Brazilian method,

M in which a tensile stress is induced in a cylindrical test speci-

men by a compressive force applied on two diamnetrically opposite

~ I line elements of the cylindrical surface. The test was conducted

.tccording to method CRRD-C 77 of the "Handbook for Concrete and

i Cement 2l

I The shear strength was determined directly by the single-plane I
2method dezc-ibed in CRD-C 90. The method consists essentially of

forcing a shear pl ne by holding one end of a test specimen

13
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stationary ani- m,-oving the other end perpendicular to the axis of the

specimen.

2.4i DYAi4mic PmominaIE

- -IBulk-, shear, and Young's niodulil, Poisson's ratio, and shear ye-

locity were determined on selected rock sampl es by use of the method.

ta of vibrating u~nconfined spin-nles in the fundamental modes of vibration.

The resonant frequencies were utilized to compute the aforementioned

elastic properties as given in CRD-C 18.2

The velocity at which a compressional wave travels through an

isotropic solid is often used as a relative measure of the compe-

tency of the material. Compression w~ave velocities were determined

ii on selected rock core samples by the method given in CIR-C 51.2

2.5 PE¶ETRhYIbkP~aC UAI91I1iATION

A lzimited petrographic-examination was conducted on samples se-

lected. to be representative of the material received. The examina-

tion was limited to identifying the rock, determining general condi-

tion, identifying mineralogical constituents. and. noting any unusual

characteristics which may have influenced the test results.

2.6 SrTREM-LH TESTS

'4 The unconfined., cyclic, triaxial, hydrostatic, and confined

compression test specimens were prepared according to the American-V-
-AlV ___-



Society for Testing and Materials and Corps of Engineers standard

§ method of test for triaxial strength of .Unrained rock core speci-

Stens, CRD-C 141. Essentially, the specimens were cut with a diamond

blade saw, and the cut surfaces were ground to a tolerance of 0.001 T

inch across any diameter with a surface grinder prior to testing.

Electrical resistance strain gages were utilized for strain measure-

ments, two each in the raial (vertical) and horizontal (diametral)

directions. Static Young's, bulk, shear, and constrained moduli were

I computed from strain measurements. Stress was applied with a

4•O0,000-pound-capacity universal testing machine. The stress condi-

tions are:

1. Unconfined strength, a a 3 0

2. 2L'iixial strength, a1 : a2 = 03 / 0

3. Wydrostatic stress, a 1 F2 = '3

4. Confined stress, a1 : 02 = 03 , variable, to maintain

R0 S"2. e3 =0o:

2.7 SHocK RESPONSE

The shock-loading characteristics of the rock at relatively low

dyn.mmic pressures were studied by observing the action of a shock

wave produced by the impact of a projectile on a rock specimen. The

.system, given in the Addendum to Appendix A, "System for Studying

the Shock Response of Rock and Other Nonferromagnetic l•aterials at

15
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Pressures Be:Iw)ýOf~obilijs," loads the s::pledina one-dimensional

r '~Aples in the pressure range of 50 to 500 kilobars by an explosive

system consisting of a plane-wave lens and high explosive charge as

given in the Addendum to Appendix A, "System for the Determination

of the Hugoniot, Equation of State of Rock and Grout."

A!]N
J
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I CHAPTER 3j3

SERIES I TEST RESULTS 
Al

3.1 DIORITE 
I

Core samples received from three of the holes were identified 42

as diorite: soda diorite from Laranie and CR-19 and lime diorite

from. Hole CR-32. Detailed results are given in Appendixes B, C, k

and D; a surn:-aky of the results is given beloa.:

Property Hole Huxifber

Laramie CR-19 CR-19 CR-32a

(top) -(bottom)

S Data, Appendix B C D

Schmidt number 50.1 54.1 56.4 54.8

Specifi c gravity 2.-12 2.82 2.88 2.76

Porosity, percent 0.0 0.0 0.1 0.1 3-_A

Tensile strength, psi 1,o00 1,130 1,350 1,44o

Shear strength, psi 2,420 1,060 1,560 --

- Ccmpressive strength, psi 21,580 25,070 24,670 27,470o

SCompression wave velocity, fps 19,790 20,400 20,&00 15,48o

iShear wave velocity, fps 11,270 1I,400 11,3,60 1.0,980

(Continued)

a Overall quality very poor due to fragmentation.

17



Property Hole Number

Laramie CR-19 CR-19 CR-32
(top) (bottom)

Dynamic moduli, millions of psi

Young' s 11.8 12.4 13.7 9.6 -5
Bulk 8.2 9.4 14.2 3 .6 1
Shear 4.5 4.9 5.1 4.5

Dynamic Poisson's ratio 0.26 0.28 0.34 0.06b

Static moduli, millions of psi

Young's 1.8 13.7 13.8 12.0
Bulk 8.6 i1.6 11.7 8.8
Shear 4.6 5.3 5.5 4.7

Static Poiswon's ratio 0.26 0.30 0.30 0.27

i~1A b Doubtful result.

_ 4 The material from two of the three diorite holes sampled,

Laramie and CR-19, appeared to be very competent, relatively uniform

T rock with little fracturing or jointing. The lime diorite from Hole f
CR-32 was badly fragmented due to the presence of numerous horizon- tfr 7
tal, vertical, and steeply dipping fracture surfaces, almost all of

= .1 which were present prior to drilling. The Laramie core was the

-[ coarsest grained and, surprisingly, the most uniform. The CR-19 core

was slightly more competent than the Laramie core, but quite vari-

able. Compressive strength ranged from 20,000 to 30,000 psi although I
the large variation is not evident in the averages reported above.

18
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The soda diorite is apparently a very rigid rock as indicated by theI high moduli and negligiule hy-tzresi:; of the stress-strain cuires.

The lime diorite was significantly poor -when compared with all other

cores received from the Warren a-rea. The _indication of Ihigh quality

Sr by the basic tests reported libove should not be construed as evi-

dence of a competent material throughout. The entire length of sam-

ples received was highly fr.•ctured; locating sufficient core for.-test

specimens was difficult. As indicated by the basic tests, the core

which was not fractured was a relatively competent material.
I!

3.2 CRANITE

Samples received from five of the holes, CR-4, -35, -39, -42,

and -48, were identified as z&edium- to coarse-grained granite. The

-core from the lower depth of Hole 4 was identified as tonalite.

Detailed results are given in Appendixes E through I; a summary of

the results is given below:

Property Hole liumber CR-

4 (top) h(bot- 35 39 42 48
tom)

Data, Appendix E E F G H I

Schmidt number 53.5 56.6 52.7 52.2 50.0 57.3

Specific gravity 2.63 2.69 2.69 2.71 2.67 2.66

(Continued)

19

A

° -

-|-=- -;-= -- .~c



-,Property Hole Number CR-

S4(bot- 35 39 42 8

-rOl-:ty ecn 0.0 0.0 0. o6 o4 o4
T -ensile strength, psi 1,120 1,380 870 815 780 1,200

Shear st erv-1 . 2,3 ps !

•/•Shar trz~t, o• - ,03 1000 1,370 1,910 1,450 i
E• ~ Compressive strength, j

psi 24,300 30,950 21,960 20,94o 18,060 21,870 i

•-!/• Compression wave

She rwv eopertyHl t~e R

Tenfps 8,780 10,630 7,350 10,180 70 1

Sha srnth si - ,00 1,09,3 0 7190 10,450 1
S•::•Dynamic noduli,
S:• millions o0 'PS

Youg 5.7 l0.0 4.8 8.4 7.1 9.8 "5.0 3.1 3.7 3.4 5.0
-j her27_ .3 1-9 "3.7 3.1 4.2

Dynamic Poisson '-veloity, 110-050 18 0.24 0.12 0 .14 0.17

nStatic moduli,ii• millions of psi
"Young's 5.0 10.06 7.9 7.9 i7. 9.7I Bulk 6.2 7.1 5.8 6.1 7.3 6.84 Shear 4.1 4.3 3.2 3.1 4.1 3.8

Static Poisson's

ratio 0.22 0.25 0.22 0.29 0.27 0.26

a Doubtf'il result.

U 20
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The granite from the fi~ve holes sampled is composed generally

of quartz, plagioclase and potasszium feldspars, and biotite with

Ssmaller amounts of hornrblende, pyroxene, and several other minerals.

SThe rock is quite similar from hole to hole, and possibly may all

have been taken from the same igneous body. The tonalite from Hole 4

I was obviously different in appearance and was apparently slightly

more competent than the reddish granite. All of the rock tested ap-

peared to be competent material, and relatively uniform in physical

properties within drill holes and between holes.

The compressive strength of samples tested from Holes 35, 39,

and 48 was unusually consistent for a rocklike material. The rock

in Hole 42 was the most variable material reported above and also

the least competent, due probably either to the small amount of mont-

morillonitic clay or the numerous small fractures present throughout

the core. Most of the compression test specimens from all holes, but j
especially Hole 42, exhibited a slight plastic-elastic stress-strain

relation associated with initial crack closing, followed by a steeper

linear relation. Thf-e h-steresis loops were essentially closed;

little residual strain was evident. The small fractures might also

be the cause for apparently lower moduli determined dynamically,

since the static moduli were determined under stress while the dy-

namic moduli were determined on unstressed specimens.

21
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43.3 GIIEISS

The cores received from Holes CR-10 and CR-15 were identified I
as gneiss. Gneiss is the rock nam for a metamorphic rock that shows

alternating layers of light- and dark-colored minerals. Detailed re-

sults are given in Appendixes J and K. A swmmnary of the results is

given below:

Property Hole Number CR-[1

10 10 15 15 15
(top) (bottom) (top) (middle) (bottom) I

Data,APppendix 33K KK

Schmidt num~ber 57.3 54.4 52.5 57.5 53.9

Specific gravity 2.63 2.73 3.06 2.69 2.93

Porosity, percent 0.4 0.4 0.0 0.0 0.0

Tensile strength., psi 1.,360 1,030 2.,260 1,1140 2.,220

Shear strength,, psi - 1,.370 -- 1,220
Compressive strength,
psi 29.,930 15.,300 30,770 29,200 32.,900

Compression wave ye- A
locity, ['ps 15,590 18,060 18,980 15,900 181,280LIA
Shear wave velocity.,

fs9,1420 10,880 32.,700 - 32,130

(Continued)

P 22
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F milon f s

SYoung' s 6.9 10.0 15.2 -- 5.

Shear 3.1 1.2 6.5 -- 5.8

[ Dy.namic Poisson's -r t .11 0.18 0.17 o- .17

S Static moduli,millions of psi A

Young's 8.8 9.3 14.7 2 1.8 14.4
Bulk 4.9 7.3 10.3 6.8 9.1Shear 3.7 3.7 5.8 4.8 5.8

yStatic Poisson's ratio 0.20 0.27 0.26 0.21 0.24

The gneissic rock from the two holes sampled is apparently com-~

lpetent but quite variable material. To distinct types of material

[ were evident in the,. core received from Hole 10, a light-colored "S.gneiss at the top or upper elevation, and dark banded roc 0 in the

~! I
lower depths. T.e light-colored rock had an unusually hi•gh eco:pres-

sive strength (approximately 30,000 psi) and Schmidt number (57.3)

for a moderately dense material. Conversely, the banded -.aterial,

although somewhat heavier and with a significantly higher -4-elocity,

yielded a compressive strength only half that of the lijght-ckiCred A

rock due to failure along the bands.

23
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Three types of material were evident in the core received from

"Hole 15: a dark amphibolite in the upper portion, a white pegmatite

in the middle, mad banded amphibolite and "'egmatite ,n the lower.

The range in individual compressive strength tests was, rather large,

"23,000 to 40,000 psi (Appendix K); however, the averagis of the

three groups were approximately equal. Significantly, the test re-

suits obtained on the white pegmatite, at the middepth in Hole 15,1

1:21 compare closely w: th the results obtained on the light-colored rock

from the top of Hole 10. The relatively high tensile strengths in-

dicated for the upper and lower elevations cf Hole 15 were deter-

mined perpendicular to the bandsing; actually the shear strength (ap-

proxinately 1,200 psi), determiLed with the banding, is more indica-

'A

tive of the laver failure stress level of the material. Stress-

strain curves for rock from both holes show negligible hysteresis.

A
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S ERIES II "!7FST R_:SULTS

,.l IAR)IJIIE CORL

The Laraici core was selected to reoresent the diorites for the

"lSeries II tests. jIydrostatic compression tests were conducted on

three specimens, one each to pressures of 8,000, 20,000, and 36,000

psi. Triaxial tests ucre then conducted utilizing the same specimens

I at confining pressures equal to the hydrostatic pressures previously

applied. Two confined compression tests were conducted on selarate

specimens, the confining pressure being applied to prevent lateral

straining as axial load was applied by the piston in the triaxial

chamber. Results are given in Appendix B. Young's, bulk, and con-

strained moduli may be compared for the unconfined (Series I) and

confined (Series II) tests as follows:

Moduli, millions of psi

Series I Series II

Computed Computed
From Result From Result

Young' s Unconfined 11.8 Triaxial 12.2Itest test

Bulk Poisson's 8.6 Hydrostatic 9.1
ratio test

Constrained Theory of 16.9 Confined 16.3
elasticity test

25



Good correlation is, therefore, indicated between the unconfined and--

confined tests. j
The Mohr envelope for the triaxial tests is apparently a straight

line up to the 20,000-psi confining pressure level and then assumes a

V1 curvilinear relation with increased confining pressure. Pronounced

V shear planes developed in the specimens tested at 8,000- and 20,000-psi

q confining pressures; however, initial failure apparently occurred

along a crystal face in the 36 ,000-psi test. Thus, the curvature of

the envelope may be due to premature yielding along the crystal inter-

face. The compression wave velocity was recorded during test to fail-

ure of two triaxial test specimens. The results indicated that the

17 velocity increased initially under load, probably due to closure of

J small cracks, and then remained rather constant up to failure. ]

11A 4.2 CR-4#2-CORE

H The CR-42 core was selected to represent the granites for the

Series II tests. Hydrostatic compression tests were conducted on

three specimens, one each to pressures of 9,000, 18,000, and 36,000

-J psi. Triaxial tests were then conducted utilizing the same specimens

at confining pressures equal to the hydrostatic pressures previously

r •applied. Two confined compression tests were conducted on separate

specimens, the confining pressure being applied to prevent lateral

straining as axial load was applied by the piston in the triaxial

chamber. Results are given in Appendix H. Young's, bulk, and

-26
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} onstrained moduli may be compar-ed 'or the uncon-fined(SreI)i

Sa.14 confined (Series 11) t01ests as follows: "
27

Moduli, millions of psi

Series I Series II

i Compiuted Ccmputed

From Result From Result

L1 Yourg 's Unconfined 10.0 Triaxia.t 12.0
test testIBulk Poisson's 7-3 Hydrostatic 5.8 1

ratio test

Constrained Theory of 14.14 Confined 15.0
i elasticity test

Sigrificanltly, the Young's modulus is lower for the unconfined test,

an6 the bulk modulus higher, compared with the confined tests. A

possible explanation is the closure of the small fractures under load. A

If the fractures close predominantly under initial load, as is usually

the case, the unconfined Young's modulus would be lower, as it is, -

than the tria-ial Young's modulus which is determined after the con-

| j fining pressure has been applied. Also, the hydrostatic bulk modulus

]cald be expected to be lower than the static bulk modulus ihich is

I computed at approximately one-half the ultimate strength in the uncon-

! fined test.

Duie to the vuariahbility of the CR-142 core, two Mohr envelopes were

Scenstructed utilizing the results of the unconfined and triaxial I
1 27
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I'I
compression tests.' We more coirpetent material had an initial angle

of shearing resistance of approximately 52 degrees, the less competent

rock, 45 degrees. Also, the &nvelope of' the less competent material

appe~ared to be assumidng a currilinearr relation at 36,000-psi confin-

ing, pressure, the mnaxilm= available for these tests. The compression

[ ~ wavr! velocity w'as recorded during test to failure of two triaxial

test zpccicmens. As in the tests on the diorite core, the velocity

increased slightly under load, proibably due to closure of' smallA

cracks.

4.3 CR-10 CORE

The CR-10 core was selected to represent the gneiss f'or the

Series II tests. Hydrostatic compression tests were conducted on

three specimens, one each to pressures of' 9,000, 18,000., and 36,000

psi. Triaxial tests were then conducted utilizing the same specimensI at confining pressures equal to the hydrostatic pressures previously

I ~applied. Tw~o confined, compression tests were conducted on separate

specim~ens, the confining pressure being applied to prevent lateral

straining as axial load was applied by the piston in the triaxial

chamber. Results are given in Appendix J. Young's, uk and con-

strained mnoduli mrky be compared for the unconfined (Series 1) and

4 ~ confined (Series II) tests as fo~llos:

28
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Noduli, millions of psi

Series I Series II t
Computed Computed

f From Result From Result

Young's Unconfined 9.2 Triaxial 12.0
O test test

Bulk Poisson's 6.5 Hydrostatic 7.0
ratio test --

Contrained Theorj of 13.9 Confined 15.0

elasticity test

I iReasonably good correlation is indicated between the unconfined and If

confined tests.

~ Ii The ,ohr envelope for the triaxial tests is initially a straight

line at an angle of shearimn resistance of approximately 145 degrees. i

The envelope develops a pronounced curvilinear relation with in-

creased confining pressure and appears to be approaching linearity at -I
36,000-psi confining pressure. However, the apparent approaching

linearity should not be considered a Von Mises yield, but probably is j

the result of the bedding and stratification. Pronounced shear

planes developed in the specimens along the bedding planes. The corn-

pression wave velocity recorded during test to failure of two tri-

axial test specimens increazed slightly under load as for the dio-

rite and tranite zpccimens.

1 29I il
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4- " mDpyL PROPERTY TE~STS

Thermal Property tests on selected cores were added to the test
program as testing was nearing completion. Thermal diffusivity,
specific beat, and thermal eonductivity test, were conducted on
samples from four holes, CR-11, -15., -19., and -35. Test methods and
results are given in Appendix L.

I30
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SERIES III T"'~ST R E MUMIJS

5ý.1 MSTS

Equation of state tests were perforimed on the three rock types

from the Warren Siting Area. A minimum e1 threr; lo. pressure tests

(pressures less than "0 kilobars) and three highn_ pressure tests (pres-

sures to 400 kilobars) were conducted on each rock. The techniques

and test equipment used in these tests are explained in the Addendum

to the detailed results, Appendix A. A summary of the results is

given below:

Core Shock Particle Pressure Specific
Velocity Velocity Volume

MW!sec DO/Psec kilobars

Low Pressure Tests:

Laramie 4.45 0.037 4.7 0.992
4.,99 0.139 18.7 0.972

7.00 0.166 31.7 0.976
6.10 0.263 -43.4 0.957

cR-42 4.80 0.072 9.5 0.985
5.00 0.090 11.9 0.982
5.00 0.158 21.1 0.968

CR-10 4.15 0.061 9.2 0.980
4.50 o.154 18.6 O.966
3.22 0.268 28.9 0.930
5.04 0.138 18.7 0.973

(Continued)
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c .r iShock Particle Pressure Specific
,reli .o 4, Velocity Volume(*)-

Mxr/iZ 2c M, I./s e C ki Iowars

ii:-:, Pressure Tests:

r4.42 0.71 95 O.851.

5. 19 1.51 215 0.7d,"
5.80 2.17 340 0.610

CR-2 4 4.17 0.72 91 0.842 A
5-51 1.48 216 0.724
5.69 2.18 328 0.600
'4.03 0.74 89 0.832-A

5.34 1.50 213 0.708
5.79 2.18 333 0.603

5.2 DIISCUSSION OF ]RIOULTS

.A! three cores exhibited considerable data scatter due to the

larŽe grain size and material nonhomogeneity -with respect to this

t:,T: of test. The Laramie and CR-42 cores had Hugoniot elastic

li•id tn of 50 kilobars or more. The CR-10 core had an elastic limit

or" •pproximately 20 kilobars. The Laramie, CR-42, and CRM-10 cores

hlid elastic wave velocities of approximately 6.06, 6.03, and
f,.,, sei, respectively. The second wave velocity, of course, is

d.-wýndent upon the final pressure level attained in the material.

All tuirec higj. pre.sure tests for each material reached a final state

wi.. w %.-.:: -till in the urnstable or maltiple wave region with the

32
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-uption of pcssilly the highest pressure test for CR-10. This par- .3
=I

Sicular data point appears to have just exceeded the imltiple wave

$'.-.•t•icn. I
Coirparison of test results from the three test series is dif-

ficult due to the difl-rei-,es in tszt r•n'hods and properties de-

F termnined. Ioduli of deformation may be compared below as a matter of

interest if one is n.dndful of the differences mentioned above.

Moduli, millions of psi

Series I Series II Series III

State of stress Unconfirned Confined Confined

Rate of load Static Static Shock

Modulus type Young's Constrained Ore-Dinersional

Moduli for:

Laramdie n1.8 16.3 13.3

CR-42 10.0 15.0 9.3

CR-IO 9.2 15.0 8.7

33
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CONCLUS1TOUS1 AND RECON.EDTATI(Thsf

I ~6..1 conuiTsi0i~s

The onre received from the Warren Siting Area represented threeA

~ii Iyp.,: V1 rock: diorite, granite, and gneiss. Cenerally all aaiupies
rcceivf*:1 indicated relatively uniform, unweather- .1, hard rock with the

ý.-xceptinn of one hole, CR-32, which contained hi~oly fractured lime

diorite. Mfyximum crystal. size of the other two diorite holes ap-A

pr'.ached 2 inches, and that for the five granite holes, 1/2 inch.

Stress-:;train curves generally exhibited -little hysteresis. Typically, ý

1.aric properties for the rock from the nine competent holes would be

approximately: (1) Unconfined compressive strength-, 20,000 psi,

()Spvciric gravity, 2.70, (3) Porosity, <1.0 percent., (14) Compres-

Jion wave velocity, 15,000-17,000 fps, (5) Young's modulus, 10.0 X 10

WI ~ Psi.

4 Multiaxial tests indicated that bulk moduli would approximate
6 6

F~~~.0 x ~~~psi and constrained moduli, 15 x1 s.Temxmmcn

__fining pressure available, 36,000 psi, did not allow definition of the

Von Mi: yield condition.

¶iTht. low pressure shock tests indicated that the diorite and gran-

,I ~ Jt.x had Iluronlot elastic limits of 50 kilobars or more, and the gneiss

an c Laý-iic limit or approximately 20 kilobars. The high pressure

34~



tests for each material reached a final state which was still in the

r unstable or multiple wave region at the limit of the test equipment.

6.2 RECOMIDATIONS

In order to better define the physical and mechanical behavior of

the rock, it is recorneended that the following additional tests bet conducted on representative samples of the three materials: (1) Tests

on specimens with joint planes under confining pressure to determine

the yield envelope of the jointed rock. (2) Triaxial tests to approx-

imately 150,O00-psi confining pressure to deter'ine the plastic yield

limit of the intact rock. (3) Equation of state tests at pressures to

approximately 600 kiloloars to define the stable region and release

adiabatic tests in the low pressure region to establish .the shock un-

loading characteristics of the rock.

i
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Warren Siting Arep: Series 111 Tests

1. Series II equation -if state tests were conducted on three I
cores from the f'arren Siting Area. The loI,;-pressure equation of state

t a %,,-re obtained using an itdtition wire technique in conjunction P 1
with a •,-nressed-air 7un facility. The high-oressure equation of # P

saedati were obtained using, a Din technique in conjunction with a f
high ev:,losive system. These tochniques are explained in detail in the

.- . ?late I is a photograph of a typical specimen for both
svs te,'s.

'!aterial Description

2. a. Core No. 1 - Lara-iie.

(1) Rock type: so•da diorite.

(2) Piece number and depth: 10 and II; ý9 to 10 ft.

(3) Density: 2.71 g/rc.IA
(L4) Remarks: Grains were large (up to 1/2 in.) and non-

uniform in size.

b. Core No. 2 - CR-42.

(1) Rock type: granite.

(2) Piece number and depth: 10 and 11; 85 to 97 ft.

"(3) Density: 2.'54-2.17 g/cc.

(14) Remarks: Large quartz crystals throughout svecinen.

c. Core No. 3 - CR-1.

(1) Rock type: gneiss. .

(2) Piece nu.mber and depth: 3 and 4; 56 and 59 ft.

(3) Density: 2.57-2.70 g/cc.

(4) Remarks: Large quartz crystals throughout specimen.

S38
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Warren Siting Area: Series IIl Tests

SInw-Pressure Tests

r 3. Laranie (soda diorite). INe
a. Five tests were conducted on the Laramie core. SAMSO ISNo. 2 and No. 5 were tested at Dressures of approximately 4•.--w and

t /.2 kilobars, respectively. The rise times of the Particle velocity-

e time records ranged from 0.9 to 1.5 9icrosec. SAMSO No. 3 was tested

at a pressure of approximately 18.8 kilobars with particle velocity-
"time rise times of 0.51 to 0.59 microsec. SAMSO No. 4 was tested at
a pressure of approximately 31.7 kilobars and had rise times of 0.41
to 0.9 microsec. SAnSO No'. 15 was tested at a pressure of approximately
43.14 kilobars and had a rise time of approximately 1.2 microsec.

IW

b. Figures 1 and 2 show the pressure-particle velocity and
pressure-strain relationship obtained from the five tests. Test Nos. 3, M
4, and 15 yielded seoarate and distinct curves. The data from tests 2
and 5 were essentially the same and are, therefore, plotted as one set
of data. Since the grains were large (up to 1/2 in.) and nonuniform
in size, a great amount of material scatter was expected which would
yield a considerable scatter in the data. However, the scatter should

I not be large enough to yield curves with as large a separation as
indicated by tests 3 and 4. MJaterial scatter could possibly account

: for the difference between tests 4 and 15. It is believed that possibly
I interface slippage is occurring in the lower pressure tests due to the

large grain size causing lower shock velocities and, consequently, a
lower pressure-particle velocity relationship. The shock velocity was
less than the sonic velocity for tests 2, 3, and 5. Most of the records

~ from these tests indicated some degree of instability. Apparently, tests
4 and 5 were conducted at pressures above this unstable region; therefore,
the shock velocity was greater than the sonic velocity and increased with
Dressure.

c. The peak pressure point from tests 4 and 15 are shown on
figures 7 and 8 along with the high-pressure test points. From an
extrapolation of these points, it appears that the Hugoniot elastic
limit is around 50 kilobars, although this was not determined.

4. CR-42 (granite).

a. Three low-pressure tests were conducted on cores from A

CR-42. Peak pressures of 9.5, 11.9, and 21.1 kilobars were obtained 49
in SAMSO Nos. 6, 7, and 8, respectively. *The rise times of the particle
velocity-time records ranged from 0.6 to 0.8 microsee. The larfle quartz

crystals caused considerable noise on the oscilloscope records (piezo-
electric effect) which made the data reduction rather difficult. However,
the reduced data from the three tests plotted essentially as one line on

39
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WJarren Sit ing Area: Series !I1 Tests

+he nressure-iarticle velocity (figure 3) and *nressure-strain (figure 14)

plots. 'he data indicate that the shock wave in the material is stable
to 21 kilcbars. Higher pressures were reachpd with the air gun; however, r
the noisy oscilloscope records made data reduction above 21 kilobars
-'irtuall, impossible. It is believed that this problen can be overcome -4

-n tuture tests of materials containing large quartz crystals.

b. The peak nressure •nint frni test No. 8 is shown on figures
9 and 10 along with the high-tressure test n;lints. Extrapolation of the
high-pressure points indicates that the llugonint elastic limit is around

) Hilobars.

S. C:.'-19 (gneiss). •

a. Three low-pressure tests were conducted on cores from

CR-10. Peak oressures of approximnately 9.1, 29.0, and lR.6 kilobars
were obtained in SAMSO Nos. 11, 12, and 114, respectively. The rise

ti,'es of the particle velocity-time records ranged fro- 0.2 to 1.2 micro- I
sec. These specimens also had large quartz crystals throughout; however,
the noise was not as significant as for the CR-4 2 cores. Figures 5 and
Sare plots of pressure-particle velocity and pressure-strain for this
material. As can be noted from these plots, there is considerable

scatter in the data. It is not quite as severe as for the Laramie core.
and most of it can probably be due to material scatter or nonhomogeneity
of the material.

b. Test Nos. 12 and 14. showed a definite second wave forming

at a•nro.•inately 18-19 kilobars indicating snme sort of yielding. There
is so-re question as to whether or not this is t: Hugoniot elastic limit -' I
since this second wave is evidenced only on the second induction wire of

each test. Since the first induction wire did not exhibit two waves, 2
there is possibly more error associated with the second wave peak amplitude
data moint for test 14 shown on figures 5 and 1; than for the other points
shown. Plate 2 is a Photograph of the second induction wire oscilloscope
re'cord of test 12 showing the two-wave structure.

c. A test was also conducted on this material in which a quartz
crystal was Placed on the back of a 7.144-mm-thick specimen and impacted
with a proiectile having a velocity of approxi.-ately 1100 fps. The

ts-Itnut of the quartz also indicated a two-wave structure with the first
wave having an anplitade of anproximately 19 kilobars.

d. The peak pressure points of first and second waves from
test .io. 12 are plotted on figures 11 and 12 along with the high-pressure

test noints. Extranolation of the high-pressure points seems to confirm

a lo. Hugoniot elastic limit although the data Point around 90 kilobars
has the largest uncertainty associated with it and, therefore, would
influence the point of intersection of the two curves.

4 o



Warren Siting Area: Series Ill Tests

4) High-Pressure Tests

e
er, + 6. Three data points were determnined on cores from the Warren

siting Area at three pressures as shown in table 1. Since eristing

granite data showed a precursor shock of around 50 kilobars, some

alteration to the standard Pin technique was necessary to prevent a

precursor from shorting the time of arrival pins nrior to the arrival

_ " of the main shock wave. This was accomplished by providing a %nown

egap or standoff distance for the shock velocity pins to allow for the

dii motion duc to the nrecursor. Therefore, the shorting times of the pins
corresgond to the velocity of the main shock. This technique requires

an assumption of the precursor shock level since no provision is made
for measuring the elastic free surface velocity.

7. A sinple computer program, was used to compare the influence

of the assumed precursor levpl on reducing the experimental data to

the final data points. The precursor levels used ranged fro. 50 to

S! ,SO kilobars as shown in table 2 for soda diorite. These computations
t die not utilize a least squares fit of the experimental Doints and,

Stherefore, do not extrapolate exactly to the final data in table 1.
This assumption has a negligible effect on the two higher pressure

tests, but is more Pronounced on the data points at approximately
100 kilobars since this level is approaching the possible range of

the precursor oressure.

8. The elastic precursor shock velocities as determined on the

two higher pressure tests were used in the data reduction on all three

tests. Some difference in the elastic precursor shock velocities is

noted between these and the lower pressure air gun experiments; however,
this is reasonable considering the large difference in peai. pressure
attained in the rpsnective tests.

&e
9. These data Points are shown in graphical form in figures 7

through 12 alon:" with an approximate fit throughout the pressure range.

Discuss ion

1. Fiquation -)f state data on polycrystalline rocks typically show

significant scatter; for examnple, the work by Stanford Research Institute.*
The Precdrsor level ranged fron 29 to 58 kilobars for anorthosite.
Additional data points would thus be desirable for the rocks tested and

woul. increase the confidence 14vel of a curve fitted to the data for use

Ahrens, T. J., Rosenberg, J. T., and Ruderm'an, 't. H., "Dynanic Properties

of Rocks," DASA 1858, 30 Sentember 1955, Stanford Research Institute.

l 'It 1 " •



Warren Siting! Area: Series TI' Tests 4

in fr.!e-fie~ld codes. The assuript ion of a nrecursor levelI for these

rocks is not con.,idered to be si.:,.ificant Pycent at final oressures

of around 101) kilobars; however, An extension -)f the pin technique
is boina Poroftested, for use in tw.o-wavie regions 6iiich shouldI eliniinate
thc- tecessity o'f this assti-nnticn nrovixiing, si~ntultneous -riensurevientsI

-in !--'th sho)ck wavc-z

11, Since in this. region the second wavo travels At suhsonic
*;elocity dependin~'r on nressure. tirovisictn nust be -made for meastiring
thi5 velocitv. rn addition, the locus of the Nueugcmiot elastic 1irit
-list be 'nrown in order to cnlrulate the final lbi~oniot noint.Veniy nus and deemnd4xnrietly h et hod to be used

nlethod m~odified to the :jse of self-shorting pins and presently used

13. The necessary data will be obtained as follows. One set of
pin wil b usd t dterinePretirorvelocity based on transit time
throch he ampe. ,Zhn te pecusorovertakes the sample free surface,

nnt ion will be measured by a portion of a -ro4lo isvacda nl
incremental distanc~es from the surface. As the second shock eventually
overtakes the free surface traveling at uf5s., , it accelerates the
free surface to velocity uf*s of which this free surface motion willU
be measured by theŽ remainder of the free surface pins. On an X-t plot
the free surface velocities will intersect at the point that represents
the arrival of the second wave at the free surface. This x, t paint
yields the shock velocity of the second wave. The impedance mismatch
*-tbod is used to calculate the necessary Hugnniot information remaininog

based on these experimental data.

V.Ahigh explosive flying plate technique is being prooftested
and should enable the W~aterways Experiment Station to extend the

capability of this system by several hundred kilobars.

15. The compressed-air gun systert anid techniques are continuallyI
beinr~ ,ndified to enhance the research capability of the srysten. The
Projectiles are being modified to aid in increasing the maximum velocity
canahility and, therefore, increasing maximum pressure capability.
Projectile velocities are being measured more accurately. A technique

for measuring, planarity of impact is being investigated. An investir.tion

4i2
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Warren Si~ng Area: SeisZZ et

is being conducted to deterni e the feasibility of Sputtering or
vcuum deposition of a thin film to replace the small induction wires.Aso, the technique off using quartz gages to measure or monitor thePressure-time profile in rock specimens is being investigated.

Summary

16. Equation Of state tests w4ere performed on three cores fromjthe. Warren Sitingl Area. A -tinipiu~n of three low-pressure tests (pres-sures less than 40 kilobars) and three high-pressure tests (pressures 4-to 400 kilobars) were conducted on each core. The techniques and test
L equipment used in these tests are explained in the addendum hereto.

17. All three cores were suscep~tible to considerable data scatterde to the large grain and material norihomogeneity. "te Laramie andC-42 core had Hugonint elastic linits of 50 kiloba- or more. TheC-10 core had an elastic limit of approximately 20 kilobars. TheLaramnie, CR-42. and CR-10 cores had elastic wave velocities of approxi-
mately 6.06, 5.03, and 5.63, respectively. The second wiave velocity,of course, is dependent onoon the final pressure level attained in thematerial.

18. All three high-pressure tests for each mhterial reached afinal state which was still in the unstable or multiple wave region
__ 'dt'h the exception Of possibly the highest pressure test for CR-10.This particular data point appears to have just exceeded the multiple

waave region. 
2
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TABLE 2

S Stecimen Final State
k Description HEL Shock Particle
f and Density Pressure Velocity Velocity Pressure

(g/cc) (kilobars) (mnAi sec) (mm/tisec) (kilobars)

V rc Soda Diorite 50 5.55 0.67 102
I- 2.71 60 5.45 0.58 102
f 70 5.30 0.68 101

83 4.96 0.69 99.5

Soda Diorite 50 5.10 1.51 213
2.71 60 5.08 1.52 213

p 70 5.05 1.52 212
80 5.04 1.53 212

i Soda Diorite 50 5.79 2.17 339
o2. 7 1  60 5.78 2.17 339

70 5.78 2.18 338

80 5.7R 2.18 337 :

I I i

I
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Warren Siting Area: Series III Tests

System for Studying the Shock Response of Rock and
Other Nonferrce.agnetic Materials at Pressures Below 40 Kilobars

I. The Waterways Experiment Station (WF.S) has developed a system i

L-• for enntinuous measurements of Iboth the velocity of propagation of a

shock wave and particle velocities in rock and other nonferromagnetic

materials from the oassa"e of a shock wave produced by a flat-plate

impact, A stress-strain relatirnship is deduced fro- the wave and

particle -otion data. The system has an uoper li-tit of approximately

40 kilobars. I
2. The experimental *.ethod is primarily based on a technique used j

by Frasier and Karpov for directly measurine the Darticle velocity in -t

a mpaterial. In this technique a fine wire is embedded in the material -

and placed in a magnetic field. Any subsequent movement of a portion

of the wire which cuts the magnetic-flux lines produces an electromotive

force (e) proportional to the instantaneous velocity as shown in the

following equation:

e = Plv

where

S= the magnetic field strength,

I = the length of wire cutting the flux lines,

v = the velocity of the wire (particle velocity).

3. Several wires are placed in a test specimen and the voltages

monitored on oscilloscopes and recorded on photographs. The velocity

62
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w arren Siting Area: Spries III Tests

- f Dronagation can be determ/ned fro-. the initial rises of the voltage

-Signals from the indoertinn wires. -
~ a4. The specincn is mnunted at the end of the co.pressed-.ir gun

barrel in a magnetic field and thp barrel evacuated to approxi.ately

]i microns. The stress waves will be produced by impacting the speci-

'ens with an alu.ninu.i proiectile. NIpact velocities can be obtained

up to 1200 ft/see. -

5. The final state behind the stress wave is determined by the

apnlication of the conservation equations. Conservation of mass and

momentum across the shock front requires that:

Po US = pO (US - UDl (Consprvation of mass)

PO + Us = u P + p1 - UP) 2 (Conservation of nomentun)

Ahere

sU = shock velocity,

UI = narticle v;±1ocity behind the shock wave,

Po = initial pressure.

= initial density

the pressure behind the shock wave P1 = Us +Jpl * P0

and the corresponding strain el -I o/P1 = ol1s

These equations are basedon the assumption that an equilibrium state of

stress is reached behind the shock wave. In this simple form, they are

v.-ilid only in the region of uniaxial strain. These equations correspond

to the Hugoniot or the locus of shocked-end states reached.

63
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Warren .- iting Area: Series IT1 Tests

25 January 1968V

Svztc' for - D:t. ion oC :'- :u--niot
Z.•:'C ti,•n o SZ ar of . n-nzl '--o t•

The ,.aten:Zys E:-perimcnt Starion (*ES) has - acility and capability

t ?e ~Eu-o.iot equation-of-statL; stucies fo: rock and rock-matching

gz'out over the pressure range of 50 to 500 kilobars. A number of shock-

incicating pins are emnedded in zhe speciraen to neasure the shock-wave

velocity and another group -s arraged over the free surface of a driver

plate of knoun equation of s:atc to i.-easure the free-surface velocity.

Mien these pins are struck by a shock, fast-rising pulses are produced

w'hich are displayed on high-speed oscilloscopes. The shock is produced in

the aaterial using an explosive system consisting of a plane-wave lens and

a high-e:tplosive charge. The shock and free-surface velocities are derived

Lifo.a the known pin spacing and the arrival times of the pulses as taken

Sf;'om the oscilloscope traces. Using-the velocity data, the pressure and

specific volume can be computed by means of the Rankine-•ugoniot equations.

in the test system, the pins which serve as the shock-arrival indicators

co.aprise an outer coaxial conductor and an inner conductor, and have a cap

on one ead and a shielded cable on the other. The shock wave closes the

pin by compressing the cap against the inner conductor, producing a short

circuit which discharges a resistor-capacitor (RC) combination in the pulse-

o.•ing, nctwor-k. Each RC combination is given one of two polarities and

pula heights, and any on, of four decay lines to allow identification of a

particular pin. The on.tputs.fro-a RC networks are recorded on high-speed t

oscilloscopes. j
64~



Warren Siting Area: Series III Tests j~
1:4

If the ambient Z~nai.ty, shock velocity, and particle velocity are

qknown, the pressure anz specific volut.,e of the shocked specimen can be

deter.nined =rom the following equations:

V/ = C - Us/tJ--

where

Us the velocity of the shock wave

-uAu th Darticl Velocity4

Co= the density of the ambient material

Vo I/Co = the specific volume of the ambient material

V, I/e= the snecific volume of the material behind the shock
front

f The shock velocity is determined directly by embedding pins at known dis-

tances in the specimen; these distances, along with the arrival times, can

be used to compute the velocity.

The particle velocity is indirectly inferred from the free-surface

velocity of the driver plate. This approximation is derived on the basis

of the interaction of the shock wave with the rarefaction wave which is

formed at the free surface and which propagates back into the shocked

specimen. This interaction causes the free surface to move with a velocity

which is the sum of the particle velocity of the shock and the particle

velocity oZ the rarefaction wave. It has been shown that the two particle

velocities are very nearly equal; hence, the particle velocity of the shock

can be agn-ozinczted by taking one-half the value of the measured velocity

of the frae surface (Ufs) A

Up 1/2 7fs 65
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Warren Siting Area: Series -111 Tests

The ~ ~ v~ty . :.z~2on surfzcc loc.ýteL * :~ :ýatwea

.. A -ot, belo~rciz,-I**'- bte al

Jue; U to o-~ to c-cki -,sring throu-h z

otza a i:-~2o nachods for de r~nn the Hu 0 i

eci~u~ion o- stzz only onc ?in on. the 2)ressure-zpacif-c volumte curve is
Z

Obtained -'orc~z te.3t. 'Ecwzver, itt shoule be noted that with t'AC '-ZS

system do:.z. c~nn be obtainedý from three materdials in one test.

1'V
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WARREN SITING AREA

Core No. I (Laratrie)

1. Twenty pieces of core .'ere received froni the Wyoming site,
designated "Laramie" core. Numbers were assigned as indicated.

Specimen ApDroximate
Sample Designation Depth, ft

B 1

B 2 62
B 3 62

B 63
B 5 64

B 6 65

SB 8 67
i•B 9 68{

B 10 69
"B 11 70P
B 12 71

13 72
B 14 73
B 15 74

A 16 17
A 17- 18
C 18 151
C 19 152
C 20 153

2. The hole from which the core was taken was located in Albany
County, Wyoming, longitude 105' 26.5', latitude 41* 31.5', township
19N, range 72W, section 23. All core was drilled vertically. Specimens
were cut as required for the various tests; each segnent of the specimen
was given a letter designation signifying the section cut; for example,

Sspecimen 17a was the first test piece cut from specimen 17.

WN
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.;arren Siting Area Core No. I (Larami~e): Samiple A: Series I

Results -

1.Only two tests were conducted on sipl A, one compressive -

pf ~ umre(;rtssive strength[ 2. The stress-strain curve for the compressive strength test of[ ~specirmen 17a is given in plate I.A strength of 201,100 psi was
indicated.

W&F Petrographic examination

3. Fifteen feet of NY core from three depths frotl hole tno. 1.
Project S-11, 100, Albany County, Wyoming, was received on 19 March 1969.

9P The core is identified below:

CD Serial No. Iength , -t No. of Pieces Depth, ft

14YO-1 DC-ICA) 2 2 17.3 - 13.9
U9WUYO-l DC-l(B) 14.5 15 60.5 - 75.0

WYO-l DC-ICC) 2.5 3 150.5 - 153.0

4. All of the sample app~eared to be homogeneous. The petrographic

sample was taken from. the 18.2-ft depth and was 2.7 in. long.

5. a. The 2-3/4-in, core was sawed axially. One of these sawed
KIN surfnces was polished and photographed.3

b. A thin section, made from the other half of the piece,
bak_ was examined with a polarizing microscope.

-~ a c.a A composite sample of the 2-3/4-in, length was ground to
nas a o.325 sieve. A tightly pacl'ed portion of this powder was

T examined by X-ray diffractmo-itry using nickel-filtered copper radiation.

d. The polished surface and fracture surfaces were examined
with a stereomicroscope.

e. Some rf the powdered rock was examined as an immersion ]
mount with a polarizing microscope to determine the refractive index
11f the plagioclase feldspar.

.5. The material examined is a medium dark gray (Ni 4)1 coarse-
g rained igneous rock (photograph 1) composed largely of bla-ýk and green,

The Rock Color Chart Coninittee, Rock Color Chart, National Research
Council, Washington, 13. C., 1948.

ME ~69 1



Warren Siting Area: Core No. I (Laramie); Sample A; Series I

minerals. It is estimated that 80 percent or more of the rock is
y ý-!•.€ plagioclase feldspar; there are small amounts of chlorite and of other

greenish mica and even smaller amounts of calcite, quartz, and opaque
; -' minerals. probably pyrite, leucoxene, and hematite. Optical deter-

minations of refractive index and of extinction angles indicated that
•., ~ the composition of the plagioclase is about Ab56 An4, and it is

therefore andesine.

7. Examination of the thin section shows that the rock suffered
WEM-_Al some deformation and fine fracturing. These fractures are now filled

with a variety of materials, mostly micaceous. There is no pyroxene

•- nor any definite evidence that pyroxene was ever present. There are
scattered small patches of fine-grained mica, chlorite, carbonate, and
opaque minerals in the rock. Much of the feldspar contains small1 -.- oriented rodlike inclusions, possibly rutile.

"8. This rock would be classified as a soda diorite by the classifi-
cation system of Shand2 rather than an anorthosite because the feldspar is
not quite calcic enough to classify the rock as anorthosite by Shand's

* • definition. He notes that soda diorite in his classification includes
the more sodic anorthosites.

F 9. The core log identifies the rock as noritic anorthosite and
indicates that fuchsite, a green chrome mica, is present. Portions of
the log for material not sent to this laboratory indicate the presence
of pyroxene crystals up to 2 in. in size. The term noritic indicates
pyroxene; there was no detectable pyroxene in the sample examined. We
aid not attempt to confirm the presence of fuchsite, but much of the
green color in the rock is accounted for by chlorite.

10. The petrographic data in this report refer only to the 2-3/4-in.
length of core which was examined. A quick visual inspection of the

WI 19 ft of core received indicated that it was homogeneous. However, there
is no assurance that the material examined is typical of all the core,
especially if 2-in. pyroxene crystals are actually present in some of
the core.

1.SpeAConclusions c i

11. Sample A, apparently representative of the whole core, yielded
a slightly lower compressive strength on the one specimen tested, but the

- difference is not significant. The rock was identified as soda diorite.

2S. J. Shand, Eruptive Rocks, 3d edition, John Wiley & Sons, New York,

N. Y.. 1947.j
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.4arrcn Siting Area: Core No. I (Taramie); Sample B; Series I I
ES- Results

Schnidt number, specific gravity, porosity

12. Three samples were selected for the basic identification tests,

relative hardness, specific gravity, and porosity. Results are given
be I ow:

Rebound Standard SpecificCore Number Deviation Gravity . Porosity

8a 48.9 2.46 2.715 0.0 .

9b 50.3 2.70 2.715 0.0
951.1 2.83 2.7213 0.0

Avg 50.1 2.66 2.720 0.0

Marble 3  .... 2.87 0.6
Granite 3  

-- -- 2.8;6 0.9
Sandstone3  2.06 14.0

Exanination of the data reported by Obert 3 reveals that the Laramie core
is r!,ughly conparable to a typical granite.

13. An extensive study of rock properties and tests by Deere and
Miller 4 indicated a good correlation could be obtained between the
compressive strength and the Schmidt number when the unit weight (specific•.gravity) was taken into consideration. The above data, plotted in fig. I

as a circled dot, agree quite well with the aforementioned work.

Tensile and shear tests

14. Tensile *ests were conducted by the indirect, or tensile
splitting, method. Two series of single plane shear tests were conducted,
one utilizing the standard NX size shear blocks (2.38 in. in diameter) and
one utilizing smaller blocks (2.12 in. in diameter) fabricated for the
small core (1.84 in. in diameter). Results are given below:

•" 3Obert, Leonard, and Duvall, W. I., Rock N•echanics and the Design of

Structures in Rock, Ist editio John Wiley & Sons, New York, N. Y., 1967.
4 Deere, D. U., and Miller, R. P., "Engineering Classification and Index
Properties for Intact Rock," Technical Report Vo. AFWL-TR-65-116,
University of Illinois, Dec 1966.
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Warren Siting Area: Core No. 1 (Laramie); Sample B; Series I

Core

No. Test Strength, psi

3a Tensile 1370)
3b Tensile 1420) 1400

3c Tensile 1410)

5a Shear (2.38-in. diameter) 1770)
5b Shear (2.38-in. diameter) 2070) 1890
5c Shear (2.38-in. diameter) 1830)

4a Shear (2.12-in. diameter) 2330)
15a Shear (2.12-in. diameter) 2080) 2420
15b Shear (2.12-in. diameter) 2860)

Examinaticn of the tensile strength data reported by Wuerker 5 reveals
that the tensile strength of the Laramie core is comparatively high
due possibly to the indirect method of testing. The large blocks
yielded a rather low shear strength, indicating other stresses,probably including flexural, affected the results. Even the small i_

shear blocks yielded shear strengths somewhat lower than the strength
determined in the triaxial test (2420 versus 3100 psi). Posttest
photographs of tensile and shear specimens are given in plates 2 and 3.

SUnconfined compressive tests _

E 15. Three conventional unconfined and one cyclic unconfined
compressive tests were conducted. All specimens had two vertical and
two horizontal electrical resistance strain gages affixed in order to
measure strain during testing. Stress-strain curves fea the conventional
tests are given in plates 4, 5, and 6. The average strength was 21,700 psiS• for the conventional tests.

V 15. The cycled specimen was unloaded at 5000 psi intervals, but no
hysteresis was detected until unloading at 20,000 psi (plate 7). The

= small amount of hysteresis indicates that the Laramie rock is a
comparatively "stiff" material.

17. The average strength for the three cyclic tests, one each from
samples A, B, and C, was 21,500 psi. The average strength, standard
deviation, and coefficient of variation for all unconfined compressive I

tests were 21,580 psi, 490 psi, and 2.3 percent, respectively. •tatistically,
the variability is extremely small for a material such as rock. One
specimen, No. 7a, experienced a premature slippage along a healed fracture. t

M 5uerker, R. G., "The Shear Strength of Rocks," Mining Fngineering, vol 11,
9M Oct 1959.
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i•ar:Cn Siting Area: Core No. I (Lararie); Sanple B; Series I

"z -,hough the fracture had little apparent effect on the results of this

... ticular specimen, such fractures could affect strength and deforma-
n properties on subsequent tests. Posttest photographs of the

f...pressive test specimens, plate 8, shcow evidence of vertical splitting,
-*,en prevalent in compressive tests of brittle material.

. •cjui of :eformation

18. Young's modulus, shear modulus, bulk modulus, and Poisson's
rs tio were computed on three samples by the dynamic 3 (fundamental
frequency) method and on the six unconfined compressive strength
s specimens statically using theory of.elasticity. Results are given[I" below: -

Young's Modulus Shear Modulus Bulk
Core of Elasticity, (Modulus of Rigidity) Modulus, Poisson's

F No. psi x0 psi x 106 psi x 16 Ratio

SDynamical ly
10 11.91 4.90 7.09 0.22

1gth 12 11.56 4.54 8.38 0.27

d 14 12.04 4.70 9.12 0.28n 3.
i : Staticallz

7a 11.7S 4.56- 9.18 0.24
7b 11.71 4.32 9.28 0.30

ind 7c 11.12 4.43 7.A3 0.25
to lOa 12.50 4.88 9.52 0.25

Stional 17a* 9.00 3.52 4.64 0.28
,700 psi 20a** 11.58 4.55 8.52 0.21

Avg 11.77 -.. 1- 8.59 0.29

-it no * From sample A; deleted from average.
e** From sample C.

A cursory examination of the results reveals that correlation between
the two methods is good. Therefore, the average values given may be

rom considered representative for the deformation properties of the core.

Velocity measurements
,stical
ie 19. Compressive and shear velocities weru measured on three

.Ycture. specimens of sample 8 as indicated below:

ERol 11,

89
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Warren Siting Area: Core No. I (Laramie); Sample B; Series I

Compress ional Shear
Core Pulse Velocity, Velocity,

14o. fps fps
1I0 19,765 11,485

12 19,500 11,095
14 20,100 11,235
Avg 19,790 11,270

The compressional velocity was determined directly as the sonic i-
propagation velocity, and the shear velocity was determined fror the
torsional frequency obtained in the noduli deterninations. The shear
velocity is appro'imately 57 percent of the compressional velocity,
which is a reasonable percentage for most rocklike materials.

Warren Sitin- Area-:: Core -o. I (L-ra.-Ai): -:z'1le C: Series i

Results

20. Only one tait, a comi.ressive strengtli test, vas conducted
• •f on s•:eC. Tne sp2ci:•en, fron a depth of 153 ft, had a capressive
strength of 22,30 2psi. The stress-5tra•n cuuer is given in plate 9.

S~ Conclusions
Son s~peen C. th and- dethesi~ vheleoe h ocit 1,8 a~ppre1tyIe

21. The co-.pressive stren-th is approxL-..ately equal to the stren3th
of spacmens a ot~heaer depths; therefZore, the rod: ap?arently is

Srather hmiogen~as throughout t~he intervzl tested.

S~76
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-,warren Siting Area: Core No. 1 (Laramie); Sample B; Series II

Results

.vdf•st atic compression

22. Hydrostatic compressive tests were conducted on three speci-
,mens, one each to pressures of 8000, 20,000, and 35,000 psi. The

S& specimens were prepared in a manner similar to the unconfined compressive
tests except that 1/2-in. foil gages affixed with epoxy were util'zed

-• rather than wire gages. Tests on a steel specimen and literature

indicated negligible effects of confining pressure on foil strain gages.

ndcStress-strain curves for the horizontal and vertical deformations for

the three tests are given in plates 10-15. Utilizing the results of
Sa the best three loading cycles, the bulk modulus, K, was computed from

ea the relation :

,•. where:

a, = hydrostatic stress

• = vertical strain

9 Cv £3 horizontal strain

Specimen Maximum Bulk Modulus,

No. Stress, psi K, psi

"tret.tr 14d 8,000 11.19

14a 20,000 8.39
K 2a 36,000 9.77

The bulk moduli agree quite well with the dynamically determined moduli
except for specimen No. 14d. The unusually high result may be due to
testing error. The erratic behavior of the horizontal gages on specimen

14a during the first loading cycle is believed to be due to seating of

the gages rather than actual deformation of the specimen.

Triaxial compression

23. Triaxial tests were conducted on the same specimens utilized

for the hydrostatic tests at confining pressures equal to the hydrostaticI pressures previously applied. Stress-strain curves are given in plates

16, 17, and 18. Young's modulus, computed as the initial tangent, and
Poisson's ratio are given below:

6 Milligan, R. V., "The Effects of High Pressure on Foil Strain Gages,"
| • Exprimental Mechanics, 4 (2), 25-36, 19%;.

S I
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Warren Siting Area: Core Wo. I (Laramnie); Sample B; Series 11

Specimien Poisson's
No.__ ff3- Psi E, psi x 10 Ratio A

;414d 8,000 13.5 0.33
14a 20.000 11.0 0.31
2a 36,COO 12.0 0.29

The results are not significantly different from those obtained in the .

unconfined compressive tests.

24. The Mohr's circles for the lower stress range, given in
plate 19, indicate an unconfined shear strength of approximately
3100 psi. The circles for all tests are given in plate 20. The
envelope is apparently straight line up to the 20,000 psi confining
pressure level at an angle of 41.5 deg and then assumes a curvilinear
relationship with incre.,ced confining pressure; however, pronounced
shear planes developed in the specimen tested at 8000 and 20,000 psi
confining pressure, and initial failure occurred along a crystal face
in the 36,000 psi test specimen. Thus, the curvature of the envelope A
may be due to Premature yielding along the crystal interface. Pre- Z
and posttest dimensions for the 20,000 and 36,000 psi tests are givenA
in Plates 21 and 22, respectively. Posttest photographs are given in _
plate 23.A

25. The comapressional wave velocity was recorded during test to
failure of two specimens, 2a and 114d. The results in plates 15 and 17

F7. indicate that the velocity increases initially under load probably due

to closure of small cracks and then remains rather constant tip to

Confinedl com;pression

26. Confined coctprpss ion tests were conducted on two specimecns
prepare-] essentially as the triaxial test specimiens. Confining pressure I
w~as applied to prevent lateral straining as axial load was applied by the A-e

piston. Therefore, a pseudo one-diniensional state of stress was ind~uced,
IrnL-. 010ch can be coc~iputed a constrained itodulus. The axial stress-strain-
curv;es are given in plates 24 and 25. The lateral stress required to
maint~nin a condition of no lateral strain is given on the far left of the
curves,.a

*A

27. The constrained nouls .. a co-puted fr- hoyof

(l+u) (1-2u)j2

- t'ere:
E = Young's miodulus -jA
u = Poisson's ratio

______ ____78
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Sitin-n A-2-1: coce zii I S~.,nl't 7,; 32rios5 !I

sn the results fro-, the tria:.:ial tests ( 12.2 x 106 psi. u = 0.31),

st rin.ned noduli c- vuted as tlhvrý 2Litial tinzeat to :hc*. streass-strain
urvs re17.0 x16 axzc 15.5 0-: 10pi for speci~aans la and l14c,

I IPetiey Goo.- corla-tOio is, therefor,ý, inýicated betwe--n the
E7 hertjca and ea:p~r- -ntal results.]

Conclusions: LrieCoraK 28 The CU1VLS are core is a rather brittle uiaterial classified23 Z

s~d dirit vi~h nest-i±..ated SO percent of the rock plagioclase felds?-ar.
Consensus rslso o.anyia rprisicue opesv

AS; rtren-th, 21,600 psi; Young's modulus, 11.3 %: 105 psi; bulk ciodulus, V3.6x
pnea 106 psi; specific grzvfty, 2.72; coraprassional wave velocity, 19,300 fps.

~ e rThe rock was t'ry ha...o-eneous with depth 27c the length sam~pled 17 to
97:z 150 ft. The larga,_ crystal size, estir.!atei to be 2 in. or larger in the
fac core loS, apaatydid not significantly affect the results. The

ax1ope variations in test ?ro?arties were v;ery sn~al1 f or a m~aterial such as -roe'-,
The triaxial tests irndiaated thaat the M1ohr's envelope was straight line

~Lven fat an angle of 41.5 de- u,3 to at least 20,000 psi confining pressure.
inThe highest -ressure available for these teats, 36,000 psi, did not aillw'i

full de'inizion of the envelope. Little hysteresis tras evident in th
stress-daf orciatioii tests, indicating very little energy absorptive

~to capacity for the intect rock-.I
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M~ due3

M.ssu re
RKIby t he

'E strajn

M'if t he

1 79



.r. STRESS-STfI TN CURVE
Unconfined Comprcsslon P!

Laramie Core
"Specimen l7a
20,100 psi

* 24,DOO
S . . 4.-.

*7i[4
= - -; ,T ' .--4- --

:20,000 j in

16,000_____ tLzobtal
__" " " : ],

S.._._ -._ . • : -... 4 !. ... "

* ,. ___________________ " "

610,000 t . _ -

J- . -_ 1v

-o --~-1.... . :.1-600.: -- ... . --.. -..... *

rr

po . .... ..

* -.:4 i7. .. - ! . -+: -• .

•_ , " 124 ,000

'"T E :1. : i " "- : + I _

- -. • . .- . . . . " - .- * ~ ' : - - _- . :..+•
PR --•:%:



- - - -7

IFI
ýVl -

L7 TRW

.. 71i ]17

Ebsttest photograph

Z1

81 *PLATE 2

I -- Al



-r -1-

?I .I

•I '¢I

-• • •., . . . ,...

.4 -. 4. • . 4•,;*

p4  -3I

S•.. . .

S3T 3

!vi,
ll 30 1

IIrU

Posttest photographs

R'ATE3 8



I. STRESS-STRAIN CURVE +
* LUncon~fined Comrress~on

28,000 -laramie Core
Specimen 7s,

L * 20,000 psi

I- IOE:Slippage octurked aflbg

a h~ealed frictqhre at

- I-

Vetic
C12 .0 -A~~r

4,M__ __

0 Boo 1.I W

STU mcou!.* :



I ~STRESS-STRAINi CURVEUnconfined CompressionF28,000 - . .>Laram~'ie Core

Specimen 7b
P-7 

22,600 psi .I

214,000

20,0002 7t

If
' J:

.7:

A 12,000

4,000 1-- -1
.- II

71.7T~

0 800 1600 240D 3200



I i

STRESS-STRAIN CURVE

3- I 
Unconfined Compression

t 28,000 
Laa.•amie Core

Specimen 
7c

22,500 psi

•; • I 24,000 
-

r ~I"

20,000.. -I - . drizontal

S" 
- -: ; ' - -

16,000 

o Vrti. 
-I 

.. i"

S12,o000, 1.: :

* .. .
. - . . .C.- " ' '- i-

8,/12000 . I - . .

t,000 -- -- f.: . :.
I_-• . . : j • , * . . ' *

-• • S TR AIN (m icroin./in.)

x 
8 5

I *J



SMfESS-STRAItV CURVE

Unconfined ComprensiOU

Laramie Core
- -Specimen 

! 10a
22,000 psi

24.'00011.

*20,000 i~

16,000

U)12,000

F 8,000 _ _ _ _

~,000 
-.6.

0 .. . ago ~ 0 2400 320

STWX (uicroiu./iu.)-

CA.%* ....

F-A< 7.-= 
==~~--



C7

ion

•- . jt~za~ ...s t- . . _ - :v - -

:-•- • I'- l:osttestL photographs

2 ,87 MAEF 8

r _

"[ 3-tt '- ' - • -• = :"• • -• -" • -:• '. n r-• ' .-.-., --•• r. •,,o • ,. :



- -~=

-" -. .- . . -.. ..

.• ~~STRESS-STrAIMIN CURVE |
Unconfined Compression

Laramie CoreI: Specimen 1 20a
"• ~22,300 psi

4

S4,

24,000

In.

-- - , - ". ... - . .. .-I
? S-I . . ". " , . .

12,000

_- ,,, l , 0 _ t - :3.. -" ",1:• : :

12,000[ v:4

"I --... . . . ... _ :

2,000 - o - 3200

: .. - .... . i

• 0- . " . . . . . .-. .-. . ._ _ _ _ _ " - -

8,000--3;200 • , k

*- 0. - . ._.800.. . .. •.



II

*j ... ... .. t

...... ........

.... .. ...
..... .I ...

Z* -wins 
"

-. ~T T,. - -



-- -�-.--..t.O"a.wZ�cX

. . -I.- - -� - . I
.1 . i�v) .

*... .L..�4'

* *N��

*T � I

-. �* *ii , 'I N

*��u* �-*-

* . . .. _

*......� --

* .1 1[ �. I I .1
* . V

* I.
* . I

I. I j ..- a
I.!

------ i-1. . 4 *Is;

* .:j .1.; *

:zz . . *.. 0 I'

* .

* I :.�
I I tI.. . J-*. . I

I * * I i
I NJ

I 1 :: I �.-L. 4 � -i-.. -4
* . .

I I I-*
'I - -4- ... I *'** . 4*1
U

F '�*)

I.
4.

I_____________ I

�
�.I � 1I itt; �i,,53�'JJ 7t./S�aa,./M

* * . .*. ..-.. � *****j� 1.1 . I

- PLATE13 � .1. � I
9?

* - � *- �*- 's,- --- .,�' * - 4,... & .



- - - �

-

�

=

* *�1�- - **'� �. --- - -

lr-.
I ..

I "4

I *
I � .. %� 1 U -I

* I* I
* 4.. **I -I

$ I

* I I 2

I. �* * .1.... 1
. 4-4

. 2

- m 1v� 'I

I * I
ii *�* 2 *I- :--- A

* -

**1 * . I.1 * I - -

8 I
4 I.

* .4$

'I.

U

* -i

* . i

. I *

* I
________ __ I.

* i
_______ j __ __ 8

.41

___ * �. . *
. igV pfI�spA� �!/9 9 f . -.

- - ... L..i - I 1I�*
* 3 *--'--**-93 PLAr: ih



v.- am aa(t

24-

E .~ -I..

a . ~ I :A

a -.. j '74

* j r

IA

i -~i2

R I.i N

~ . 1 34
~ * a -' ; AI

PLA 15

REI



Rl 

Ij~ 
I

Ii P IT

95I1 7 *w *-t& ' -6



I

.1 1*.. I 'ii9 I . z .LL..!.
. . - j -t--�i fg 1 j

-'--V

'V H
K

* I1�

I II -1.--.-.� .�--�I I

I I '' IJ 1� F'
I' I

V � I

I J .- �

II I I .�

-:�--t-* I.. I I *- t
* I t I

' j .**�I I

�.1<1
I. 1

I. *- * * I I I
* -I.

I * I

1������ 1i�
I

- L I

I

Ii I I
I-�-: . III I

* 41,
�
PLATE 17 96



- Velocity

dfib~-

L440

a --- 4-4--

'i-~~69 -____sootI

SIf!e.

I9 RAT 18'I I

I * J

I.~v



2 4 1

.I I -2I

I a

RAE 19*2* ~ .

. '-UR



f, A

K4

. .. .... .

... l ... ....

WI. P) I

1 1 W7#5
*111 ail

-. iIM 20
I9 aI l



CWZI.Ef'13Y -AE

~~JECT:s COP. flrt - -m

omIw P mw DIcwc.Ar r

-PLUS~p 21 t$gij.. i~cI



'.OU'C fV T;t

tmx_ __OAC

~ a.-19

stal F~c

3-Si101 PAM 2



-99

Potetpoorp railseie 4

rv zý-

* It~t~rcad

Potts phtgrp trixa spcmn2

WE-.

1AAT 23.¾&Au c~-

PR~

REI



1 ~~~. .~ w o -- Z.ý - b ._ - - -7 -

ii--

ItI

li 4ai -.

... ..... ......

Mj jIiill Pi-1~Z~U ~w ::
...... . ........~ ..1 .......: ±ii

TfqtI
it3 LTE2



I ON."

4~~

"" Mn.."

r IM

.....~ . . .-

$ 1 .~~ .~*~ ..:. .... ........ :~

o4 u

a -



--- ~~-SU

IA

IR

APPENDIX C

DATA M~.ORT - B1OLL CR(- 19 CORES

11 OCTOB3ER 19';8D

41

105j



Cr!N . 4 (Hl --9

1~-=. Site icso or cercie ro h arnae

on_ 20 Setebe 19-eintdC-9cr. -uibr wer assgne
s iniatd

CorA No 4IHs c-9

A 10 17
A 218

A 13 171
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i -;arren Siting Area: Care No. 4 (l1ole CR-19); Series I Tests M

Results -,?.

•et~roraphic report _

1. About 15 ft of NX r 1c• co: e from three depths in hole CR--19
, received in September ]9• For testing. The four pieces of core
WA,, for petrographic examination are identified below:

S): ,erial No. Piece No. Depth, ft Length, ft

iSAlq-2 DC-4 1 ("'e'ttnm"' art) 15.0 1,/3SA'ISO- 2 DC-4 35.&" 1/3
S ALSO-2 DC-•4 13 • .naz-'- 191..0 1/3

3A'L5O- 2 1lC-4 I6 : -.rt') 194 q 1/3

2. All of the rock coarse-r :.; • but variati:as in crystal
size caused variations in th.. appea, -.. of the core. Pieces 3 through
!5 had maximum crystal size, while pieces I and 2 had the small Lest
crystals and pieces 3 and 4 were intermediate in grain size. Piece 16
was unique in that the bottom r.nrtion was reddish rock instead of dark A
greenish gray rock. •.

3. The petrographic work was n,-'vformed as described in reports "
on previous samples that have been examined (SAXSO-2 DC-1 through 3).

4. The core consists of coarse-grained, dark-colored rock which
consists largely of plagioclase feldspar with small amounts of biotite
and what is probably a pyroxrne miner.al; there are even smaller amounts W. .
of iron-rich olivine, chlorite, kaolinite, quartz, calcite, -magnetite,
iron sulfide, muscovite, and possibly other unidentified minerals. The I
Plagioclase occurs as euhedral phenocrysts; most of these are about I
1/2 in. by 1/15 to i/9 in. The other minerals in the rock have less
well developed crystal shapes, except for a few plagioclase crystals
forming inclusions in pyroxene or olivine.

5. This rock is classified as soda-diorite rather than anorihosite
because the plagioclase is andesine rather than a more calcic t-yv. which
would justify the name anorthosite. The rock is essentially identical to
the previous sample of soda-diorite from hole 1, Project S-i1, 100 1
(Laranie core). The major difference i- the rock from the two holes
is that the present rock is not as coart-. grained. Photographs I and 2
illustrate the appearance of this rock at 2X and at IX.

•. There is an unusually large amount of magnetite in the lower
"nortion of piece 16 just above the contact with the reddish rock.

7. The fine-grained, reddish igneous rock in piece 15 contains
pQtass3uM feldspar, plagioclase feldspar, quartz, mica, and I-aolinite.
It is a rock of granitic composition, different from the soda-diorite

(photograph 3).
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WNarren S1tiaArea: Core No..-4 (Hole CR-19); Series ITests

A8. Some of the frcture surfaces are coated with a thin layer
of blackish material. A sample from the fracture ending ?iece 13 was
identified as vermiculite.

9. Thin sections and ground surfaces of the rock examined in
polarized light or with a stereomicroscope show fairly extensive
alteration of all of the constituents except the predominant andesine
-feldspar.

Schmidt number, specific gravity, porosity, and tensile strength
10. Three specimens from each depth interval were selected for

the basic tests. Results are given below:

Schm idt Tens ile-
Rbud Standard Specific %Strength,Cor..e Number Deviation Grvt Porosity 2 i :-

Sample A - 15-ft Depth ; j
lb 55.8 4.16 2.787 0.0 1300-
2b 51.9 3.714 2.864 0.1 1070
4a 54.5 4.30 2.811 '0.0 1030
Avg 54.1 4.07 2.821 0.0 1130

j Sample B -85-ft Depth
_.4. .',

Sa 60.5 4.02 2.846 0.1 1170
7a 59.1 4.03 2.895 0.0 12,;0
9a 58.9 3.30 2.887 0.1 1530

Avg 59.5 3.78 2.875 0.1 1310

Sample 0 - 190-ft Depth

12b 55.0 5.90 2.848 0.1 -t-30
13a 56.7 5.7', 2.873 0.0
15b 57.4 5.0S 2.906 0.1 12So 4

+ ar11. Indications are that the CR-19 core is a very hard, str-mg
material. Schmidt ntumttys of 60 are encountered only with the ::-::.hest
of rock. The rock in the upper elevation (15-ft depth) is only .1!ightly
different from that from the lower two intervals tested.

A
i

+II
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-Warren Siting Area: Core No. 4 (Hole CR-19); Series I Tests

Shear tests

12. Direct single plane shear tests were conducted on three
samples from the 85-ft depth interval and one sample freom the 15-ft

depth interval. Shear strengths of 1530, 1580, and 1510 psi (average
1560) were obtained on samples 9a, 9b, and Ila, respectively. One
test, on sample 3b, from the upper elevation resulted in a shear
strength of 1060 psi. A posttest photograph of the test specimens
is given in plate 1.

"Unconfined compressive strength tests

I 'j• 13. Conventional unconfined ucompressive strength teats were '1

cor•ducted on specimens from the upper and lower depth intervals and
cyclic compressive tests on specimens from the middle depth interval.
"Results are given below:

'Unconf ined
Core Depth, Compressive

No. ft Strength, psi

la 14 k4,500
2a 16 30,600
3a 17 20 100
Avg 15 25,070.

5b 83 27,700
7b -85 30,900

- 9b 84 27,900
Avg 85 28,830

12a 190 25,400

13b 191 25,70U
15a 193 22,900
Avg 191 24,670

There is no significant change ef strength with depth; however, the
material is quite variable as indicated by the wide range of strengths
"(20,000 to 30,000 psi).

14. All specimens had two veitical and two horizontal electrical
Iesistance strain gages affixed in order to measure strain during
testing. The cycled specimens were unloaded at 5000-.psi intervals.
Stress-strain curves are given in plates 2-10. The stress-strain

-L_2-• - I



f ,ren :iting Area: Core No. 4 (Hole CR-19); Series I Tests 3 4

relationships were linear almost to failure; hysteresis was negvligible. -to compute the deformation miouli, a tangent at 50 percent of the ultimate A,

,trength was constructed as a dashed line on the stress-strain curves.
A prsttest photograph of the test specinens, plate Il, shows the natu-e

of failure, steep sided coning, .

'.1uli of deformation

15. Young's modulus, shear modulus, bull; modulus, and Poisson's
rstio were computed on three snpiles by the :lknainic (fundamental
frequency) method and on the unconfined conpressive strength specimens
statically at approximaiely 50 percent of the ultilmate strength. Results
are given belrw: 5-

Young's •-Todulus Shear Modulus BulkCore of Elasticity, (Modsilus of Rigidity), Modulus, Poisson's

No. psi x 106 psi x 10 psi x 1q_ Ratio

S ynamically

1 12.43 4.87 9.42 !).2q
10 15.73 5.75 23.17 ".37
i15 13.A 5.11 14.23 0.34

Stat ical1

la 14.20 5.55 10.75 0.28
2a 13.60 5.27 10.79 0.29
3a 13.40 5.04 13.14 0.33
5b 13.23 4.92 13.75 0.34
7b 14.50 5.53 12.72 0.31
9b15.50 5.92 13.63 0.31

12a 13.90 5.39 11.03 3.29
13b 15.10 5.94 10.94 0.27
15a 13.40 5.04 13.14 0.33

Avg Static 14.09 5.40 12.21 0.30

16. The static and dynamic results agree well -jith the exception
of the dynamic bulk modulus for core No. 10 which is unusually high. J
The moduli are significantly high for rock, higher than many rocks of
comparable strength. Apparently this is a very rigid material.

W Velocity measurements

17. The compressional wave velocity was determined directly as
the sonic propagation velocity, and the shear wave vetocity was deter-
mined from the torsional frequency obtained in the moduli determinations.

Z A.
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~Thren itig Aea: Core Nn. 4 (Hole CtR-19); Series I 'est

Coumpressiorxal Shear
Care VelIoc ity, vel~city,

N.fpsfp

U1 203,405 11,405
E 0 20,490 11, 720

15 20,825 11,355
A vg 20,570 11,493

The shear velocity is approxinately ~5 percent of the con~pressiotnal

Concli us ions

18. The C'1-19 core is identified as a ss'dn--diorite, essentially
identical -z) the Laramnie core except that it is not as coarse grained
as the Laramie core. The CR-19 core is an unustmily heavy, rigid -AI
miaterial which is rather variable in strength throughout the intervals I
tested. Consensus results of so-vae physical prc,,mrtics cnr'ipared to the

Laram'ie core are:

Property Laramnie Core CR-19 Core

VSpecific gravity 2.72 2.81.
' Percent porosity 0.0 0.1
Comwressive strength, psi 21,500 26,190

Tensile strength, psi l'1,4.8 192.1
Youngr's rioc~alus, psi x 1 181.
Cornpress--*onal wave velocity, fps 19,800 20,570

3.1



S, -, s ~

-44

g:' -c..- _____

e n- I 1 v -4 z -V A1g1rarinedc~wr
2 85

Cor --- 
--

2.85

0.1

-. 
115 2A-.4L2

A-9

i-atte-



~:bl:~i::!~. P~.i~'RUX, CURVE

~ i~~I:!.~~".; Specimen 1-&

if. .. ... ..... .

2400 .. 4..

... ... . .. ..

W! w i 3 I Ii~ j: : V

11P

1% 1000 J0II IrI
I + IPLAT4 2-! inlk ! 1 :1, "If t. I +4

Ili.



Fz 
- __

I.;I

* , I! I tI

it r.. 4 .ll

16..0.0..:. .

lil 4ii . 11444..-

10000200 S A iN : ( irIr.fia 4"1

11H -. + -+ RNTE3

24s #f_ _ __jt.



-- -- ----

- ~.. . ... .4 .. ~

.. .. . .. . . .

2q G ..... .. I

.. .. .. .. .......- ~

....... 20100 ps.......

1600 .. .....

..... .. . ...~. .. .. . .. ..........__ __

:12 3 ...___ ......._ _ ... ... . .

r44

E--

.. ~ ~ ~ ~ , ....... ...



.. . .... .. ....r~. .. . .A

__________________________.. 
..I ... ....

__________________________t 
Ki %t::i:~:!

1-2:0

.,I -- V py~z 

0Q

.............I . .... .. .. Ji l
... ........

_____________________ 

1 58
w.5.4

f4 r z__ 
_

-~ __________________

... ... ... ....

. . . . . . . . ...........

-00

030

- 119PLATE 
5

11



........................... .... ........

.... .. 0. 4. . . . ,..

__

"t.11=1 c

Wt!'':ij ~~:;~~7:.2.
3.40

.... ....... 1: v4.

0nt 0 0

It 0

sm 0'

V4.



A-

4I

..._ __ .... _ _ __ _ __ _ ... ... MIA

__________ ...._____ ..... .* .....

.. .. . ....

.. ~ . ....... .. .

I L. U :', ~

I - I :x:::~~...........- ..... :. .'; .A0

::tjTj il. ~' 4b

-R F-: II I_-;-

TH -11

M; i.-

it~



............
* A.: *.*-SIRC 1!7Core

So"ecj~nri 12-aprsi!

. ........ .... ... 25,400 psi

I. . ....... ....zo t a Vw i c

243000........4

.. . . .. . .. ..

...... ..... .....

.. ... . ..

kOpOO ... 6 +

..........

~ 1~u... . .. *.~:... ... .. :.i.

8000

0.. 1000 200... ...... ..... 0..... .......

....I ( ...r... A.

... ... .. ... ..

.... ... .7 ; . ... .. ..



-3777F

_____ ,u Coro

.... .: 20,700ps5..

77r~.. 
..* ........ ~ :

...............................................

. . . . . . . . . . . . . ..- - ...........

.. .......

I ~ .. ..:::::........

........................ ............... ...... ..... .*...

... ;::.:':I : . ....... . ... ..

8000 ... .......

7 .... .
............. . . . . . . . . .... . . .. -

..... T j. .*.....
4000 ......

. ........ ....

0 1000 2000 3000 4~000

STRIN (m~icroin.fin.)

PLATE 9

123ILN



21W - -- r W

KHH

:;*. 22,900 psi

P".!

S... ... .. I.I

-. ~ ~ ~ ~ ~ ~ ~ .. .....i. .. *... ~ ~ t Z~± . ....

t-, 7T r- 77 .,"T .,1

24PO Fl.. ...... .

_N

W , li:.. .. 4.
0~!" il_______

1000 ~ ~ H Ili;00 40

~~. 10. 10;W %Icoi./n.



'Iir
-I-Y

22

It~

V V)

aI
zz ..-

d-IIS t'i. ~ W

.- V,- - - -- 2z

Posttes-t Photograph

)25-126PATIE 1112'j-1.1



• --- --:•, ' - - 4I J I _ H -U - 1- - i i

I

I I

APPENDIX D

DATA REPORT - HOLE CR-32 CORES

15 OCTOBER 1968

127-



WARREN SITING AREA

•--9

Core No. 5 (Hole CR-32)

1. Eleven pieces .'f corc "ere recei:'ed from the Warren area,
designated CR-32 core, on 23 September 19s. .ut nbers were assigned
as indicated. 2W

Specimen Approximate
Sample Designation Depth, ft

A 1 158
A 2 159
A 3
A 4 .
A 2
A 6 1'53
A 7 154

A 8 l';
A 9 168
A 10 170
A 11 174

2. The hole fron which the core was taken was* located in Albany
County, Wlyo.ming, township 17N, range 721ý, section 35. All core was
drilled vertically. Specimens were cut as required for the various
tests; each segment of the specimen was given a letter designation
signifying the section cut; for examvle, specimen 7a was the first
test piece cut from specimen 7. Tests ware conducted identical to
previous tests on the Warren area core.

Ki
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- arren Siting Area: Core No.' 5 (Hole CR-32); Series I Tests

Results

petroraphic examinat-ion "

i 3. One box of NX rock core fragments representing depths
1 57.9 through 176.5 ft from hole CR-32 was received in September 1961
for testing. The pieces used for the petrographic examination are

shown1 below:

CD Serial No. Piece No. Depth, ft Length, ft

SA.O-2 DC-5. 3B 161 1/3
"SAIISO-2 DC-5 4A 161.4 1/3
SAMSO-2 DC-5 4B 161.7 1/3
SANSO-2 DC-5 8 162 1/4

4. The test procedure was similar to that followed for previous
samples in this series.

5. The core consisted of light-colored, grayish igneous rock
and of black schist. The approximate disposition of these materials
is shown below:

Interval, ft Description
ny .

157.9 - 161 Igneous rock.
161 - 162 Black--schist and contact with

igneous rock; the ccttact
surface is dipping about 45
degrees.

162 - 166.4 Igneous rock.
166.4 - 176.5 Black schist.

6. All of the core is badly fragmented due to the presence of
numerous horizontal, vertical, and steeply dipping fracture surfaces.
Some of these fractures are open and some are not, but almost all of
then were present prior to drilling; the presence of a thin coating
of white or pinkish calcite on most of these broken surfaces is proof
of their age. The core fragments of schist tend to be about 1 to 2 in.
long, and the core fragments of the igneous rock tend to be about 14 in.
long, although there are longer pieces of both tyes.

7. The rock described in the field log as :oarse-grained, medium
gray anorthosite is the grayish igneous rock and the material describei
as scve combination of the terms fine-grained, black, sandstone textore,
or broken is the black schist.

129



_MW_ ý __

W-arren -Siting Area: Cor No (1le -32); SeriesITet

8. Photograph I illustrates the appear'-nce of the two rock*
types, and pl~otograph 2 shows the joint or fracture patterns in the
igneous rock.

9. The igneous rock is nediui-grained ;,dth some grains rangring
tip to 1/4 in., but most are --or(. like 1/16; in. in size. The rock is
composed largely of plagioclase feldspar wt smaller amounts of
hornblende and biotite; there is also some chlorite and an opaque
mineral and perhaps some kaolinite. Most of the plagioclase shows
qrne alteration. The plagioclase is labradnrite with a compositio'n
of about Ab4 0)Anr63 . This rock is a line-diorite by the terminology of
Shand.* This material was logged as anorthosite in the field. Shand
prefers to restrict the term anorthosite to rock~s "composed alnost
entirely of feldspar."

10. The black schist is composed largely of hvrnblende, chlorite,j
and montmorillonitic clay; there is also a little plagioclase feldspar,
and there may be some kaolinite. There is probably some mica, but it
is very minor in amount.

11. It is not possible to determine which is the host rock and
Which the intrusive rock from the limited structure shown by the core.
All of the specimnens selected for the physical tests were line-diorite;
none of the black schist samples were large enough to secure test
specimens.A

AA

12. Due to the highly fractured nature of the samples, only
three specimens could be secured for the basic tests. Restilts are
given below:

Schmidt Tensile
Spcmn Rebound Standard Specific Stren-th,

________me Number Deviation Gravity Porosity psi

454546%2.7f.3 0.0 1290
5b 55.9 5.19 2.754 0.2 1460
6b 53.1 5.03 2.751; 0.0 1580

Avg 54.8 4.96 2.758 0.1 1440

The rock- tested is apparently a hard, dense material. However, the4
indication of high quality rock by these basic tests should not be

*Shand, S. J., Eruptive Rocks, 3d edition, John Wiley and Sons,
New York, N. Y., 19U7.
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i ~tinlg Area: Core No. 5 (Hole CR-32); Series T Tests
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Warren Siting Area: Core No. 5 (Hole CR-32); Series I Tests
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sts I : varren Siting Area: Core No. 5 (Hole CR-32); Series I Tests

r..strued as evidence of a competent material throughout. The entire '
nj.th of sample received was highly fractured; locating sutficient

Sfor test specimens was difficult. t

Sr tests

- 13. The shortage of suitable test samples prevented shear
2 -€,sting of the CR-32 core.

1 confined compressive tests

14. Conventional unconfined compressive tests were conducted
; three specimens. Results are given below:

Unconfined
Specimen Compressive

No. Depth, ft Strength, psi

sa162 29,900
6a163 21,700

78 164 30,800
Avg 163 27,470

is indicated in the basic tests, the material tested is fairly
t--petent, although quite variable. Specimen No. 5a was only
;-1/2 in. long; therefore, the indicated strength may be high for
t- hs particular test. A posttest photograph of the test specimens,
:late 1, shows the nature of failure, steep sided coning.

-duli of deformation

15. Stress-strain curves for the unconfined compressive tests
,': given in plates 2, 3, and 4i. The axial (vertical) stress-strain
"tI-Itionship is virtually linear. Young's modulus, shear modulus,
t nIknodulus, and Poisson's ratio were computed on specimen 6 by the

"r'a~ic (fundamental frequency) method and on the unconfined compressive
"1ength specimens statically at approximately 50 percent of the ultimate
"j :ength. Results are given below: p

Young's Modulus Shear Modulus Bulk
-elemen of Elasticity, (Modulus of Rigidity), Modulus, Poisson's

of 106psi x psix I0 psi x 10 Ratio

2Dyamica I ly

9.63 4.54• 3.55 0.04

(Continued)
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Warren Siting Area: Core No. 5 (Hole CR-32)- "eries I Tests

(Continued)

Young's Modulus Shear Modulus Bulk
Specimen of Elasticity, (Modulus of Rigidity), Modulus Poisson's

No. psi x106  psi x 106 psi x 106 Ratio

Statically

5a 12.50 5.04 8.01 0.24
Oia 12.00 4.62 10.00 0.30
7a 11.50 4.53 8.33 0.27

Avg Static 12.00 4.73 8.78 0.27

Velocity measurements

16. The compressional velocity was determined directly on specimen
No. 6 to be 15,480 fps. The shear velocity, 10,9S0 fps, determined from
the torsional frequency, is 71 percent of the compressional velocity.

Conclusions

17. The rock from hole CR-32 was a highly fractured material
consisting of a light igneous rock, lime-diorite, and black schist.
Locating sufficient samples for testing was difficult; Consensus results

of tests on the lime-diorite, given blow, do not reflect the incompetent
nature of the material as a whole.

Property Lime-Diorite

Specific gravity 2.75
Percent porosity 0.1
Compressive strength, psi 27,470
Tensile strength, psi 1,440
Young's modulus, psi x 106 12.00
Compressional wave velocity, fps 15,480

t -
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A

C-1re No. 3 (Hole CR-4)

desgnaedighteoe , on 17 September 19';8. Numbers were assigned

'A 1 21 -

A 2 22S
A3 27

A 4 32
A 5 33
A 4. 34

B7 55
B

B 7
B 10 '

.121

C13 181
C 14 182

-. C 15-1 193

2. The hole from, which the core was taken was located in Albany
Conurty, Wyom~ing, township 27N, rangre 74W, section 3. All core was
drilled vertically. 2pecimnens were cut as required for the various

Ftests; each segment of the specimen was given a letter designation
signifying the section cut; for example, specimen 7a was thie first
test iiece cut from specimen 7. Tests were crinducted icleatical te
previous tests on the Warren area core.
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-:arren Siting Area: Core Nn. 3 (lHole CR-4); Series ! Tests

Results

.,.j.graphic examlnatlon

"1. About 15 ft of NX rock core from three depths in hole CR-L
",Albany County, Wyoming, was received in September 196R for testing.

"re jrd _ ., specimens used for petrographic examination are identified below:

CD Serial Piece Depth,. Pngth,

No. No. ft ft

SANSO-2 DC-3 1 20.8 1/3
SAMSO-2 DC-3 9 65.7 1/3

2. The rock in pieces I through 6 was medium-grained and pink,
.Ahile that in the rest of the piecez (7 through 18) was more gray than
qnk in color. One end of piece 18 was transitional back to pink,
-oarse-grained material.

3. The petrographic work consisted of photography, X-ray diffraction
S. ~ eaminations, and microscopical examinations using samples and procedures

%i described in previous reports for the samples from core hole 1,
.roject S-I1, 100 and from core hole CR-42.

4. Pieces 4 and 6 each contained nearly vertical open fractures.
TMe fragmented condition and appearance of piece 4i indicated that it was
quite weathered.-

S. Piece I is composed pri.arily of quartz and plagioclase and
licrocline feldspars with minor amounts of biotite and chlorite and
,srobably trace amounts of a pyroxene. Piece 9 differs from piece I in

bay haL potassium feldspar ('iicrocline) is only a minor constituent. Allh
b -f the roc: except the bottom ,:f piece 13 is medium-grained. The

sn.ividual grains do not show crystal faces, with a few exceptions,
and range from about 1/16 to 1/4 in. in maximum dimension (photograph 1).

t. All of the plagioclase feldspar shows some alteration, probably
St sericite. There is little or no alteration of the potassiun feldspar.

tory work indicates thatwhile granite is a suitable name for the pinkish

roc!; of pieces I through A, the grayish rock of pieces 7 through 17 is
'••nalite according to the classification of Shand* rather than granite,
-ec-ause *there is not enough potassiun feldspar (microcline) to justify
-the na-e granite.

Shand, S. J., Eruptive Rocks, 3d edition, John Wiley and Sons, New Yo.rk.N. y. "194t7. -
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[ -- : :inre Siting Area: Core No. 3 (Ihole CR-4); Series I Tests 4

The decrease in the anount of pin--ish potash feldspar is also
-- -.. sible for the color change from pin'- to gray. The difference in

• 'Cs not necessarily ,iean that the physical provertics ý.-f the gýray

".M,! the pink roc% ar-e 'fferent. They ,av -r ,nay not differ; the
i'- tests will deter-.ine this.

= - The results of cc-.-.arir,, the nresent samnle uith the inrevi' u-
, frrz=m core hole C:.-42 are liste- belo,":

a. Texture. The prrsent sample is finer grained. The
S.z:•.rn size of the feldspar -henocrysts is about 1/4 in. as compared

about V/2 in. for the rock from hole CR-42.

b. Composilion. Both samples contain quartz and feldspars.
Spresent sample contains bi.titp mica and chlorite w:hile the rock
.. hoIe CR-42 contains hornblcnde and montorillonitic clay. The
tr cT't sample contains less potasstiri feldspar.

c. Physical condition. There are !.ore steeply dipping old
U ---ctures in the core from hole CIZ-`2 than in this core. More of the

Si-inclase crystals show &iteration in this rock than in the rock fron
;r cR-42. Both cores contain roc'. that appears fresh and rock that

r -ca-s to be weathered.

"-dt number, specific gravity, n,,rosity, and tensile strength

1'. Three specimens from cach .lc:pth interval were selected for the
".-,ic tests. Results are given below:

Schmidt Tensile.

Rebound Standard Sr.ecific Strength,
"Number Deviation Gravity Porosity psi

S.vale A1- 31-ft Depth

55.4 4.11 2.'ý37 0.0 14.0(
55. 1 3.59 2.1;33 0.0 99.1)
49.0 5.48 2. 027 0.3 97')
53.5 4.39 23 .•-2

Sample B - I0-ft D•epth

R 55.2 4.54 2.681 0.0 12:.v
"$ ,. 8 4.92 2. €,a7 0.0 14f U56. 1 5.09 2.692 0.0 1340

"55.9 4.R5 2.rAR7 0.0 1340

'I
(Continued)
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Warren Siting Area: Core No. 3 (Hole CN-4); Series I Tests

(Cotritiuud)

Schmidt Tensile
rebound Standard Specific Strength,

Core Number Deviation Gravity Porosity psi

VSample C -180..Et Depth41

13b 57.5 3.35 2.o80 0.0 1550
14b 57.9 4.09 2.708 0.0 1360
15c 54.0 5.54 2.599 0.0 1350Avg 1420

' The results, with the exception of the porosity tests, indicate that the
rock in the upper elevations (30 ft) is somewhat less competent than that
tested fron the other elevations. There is very little difference in the
materials from the 60- and 180-ft depths.

[ Shear tests

II. Direct, single plane shear tests were conducted on three samples

frou the 60-ft depth interval. Shear strengths of 2030, 1970, and 2100 psi
were obtained on samp~es 7a, 8a, and 8b, respectively. The average
strength was 2030 psi. Posttest photographs are given in plate I.

Unconfined compressive tests

12. Conventional unconfined compressive tests were conducted on
specinens from the upper and lower depth intervals and cyclic compressive
tests on specimens from the middle depth interval. Results are given

below:

Unconfined

Compressive
Core No. Depth, ft Strength, psi

2a 22 22,200
3b 27 25,000
6a 34 25,700

Avg 28 -24, 300

l0a 67 32,800
l1a 68 30,100
12a 69 26,500
Avg 68 29,830

(Continued)
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S •rre.SitingArea: Cor" o. 3 (1'le CP.-4); Series I Tests

f4 (Continued)

Unconfined
Compress ire

Core No. Depth, ft Strength, psi

13a 191 32,300
S14a 192 31,900ISa 183 30
Avg 182 32.070

, the material from the upper elevation proved to be less conpetent
,' that from the lower elevations.

13. Stress-strain curves for the unconfined compressive tests areS..,n in plate, - through 10. The axial (vertical) stress-strain relation-
is virtually linear for most specimens; the hysteresis loops were

S 4;I and closed. A posttest photograph of the test specimens, plate 11,
S ,�t the nature of failure, steep sided coning.

= ~ =.-i of deformation

14. Young's modulus, shear nodulus, bulk modulus, and Poisson's
vin were computed on three samples by the dynamic (fundamental

"--,,ioency) method and on the unconfined compressive strength specinens
o.4t:-'cally at approximately 50 percent of the ultimate strength. Results
c--t ziven below:

Young's Modulus Shear Modulus Bulk
of Elasticity, (Modulus of Rigidity), Modulus, Poisson's

psi x 136 106 psi x 106 Ratio

Dynamically

5.AR 2.71 2.10 0.05
S9.59 4.14 4.70 0.16

10.49 4.49 5.30 0.17

Statically

S9.10 3.78 5.23 0.21
10.50 4.41 5A5 0.19
1 10.40 4.13 7.22 0.26
10.80 4.50 5.00 0.20
"10.40 4.30 5.98 0.21
10.50 4.13 7.98 0.27S10.70 4.18 8.11 G.2R
14 10.80 4.39 6.67 0.23
10.60 4.11 8.41 0.29
10.40 4.21 6.76 0.24
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Warren Siting Area: Core No. 3 (flole CR-4); Series I Tests

Velocity measurements

15. The cowuressional velocity was determined directly as the
sonic nropagation velocity, and the shear wave velocity was deternsined
fron the torsional frequency obtained in the -oduli determinations. 4

Conpressional Shear
Core Pulse Velocity, Velocity,

No. fps _ps

2 14,605 8,785• -. 7 17,930 V1,345 _ -

14 18,795 11,230
Avg 17,110 10,020

The shear velocity is approximately 59 percent vf the compressional

velocity.

Conclusions

16. The CR-4 core is identified as granite ir, the upper elevations
and tonalite in the lower elevations. The granite is less competent than d
the tonalite. Consensus results are given below:

' -Property Granite Tonal ire

Specific gravity 2. 2.3 2.69
Percent porosity 0.0 0.0

.ICompressive strength, psi 24,300 30,950
STensile strength, psi 1,120 1,330

Young's modulus, psi x 1&0 10.0 10.6
Compressional wave velocity, fps 14,i05 18,3%0

I3
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rw°+ th %-re are on 11 Ocoe 05 4-ioae 1-3 oe

we~re assig~ned as indicated.

VIE.IRR+ Spei'enG At'Avi +):•qt

Sample Designation D~e~. f t

A 1 17
A 2 17
"A 3
A 4 1
A 5 20
A 21
A 7 22
A 3 23
A 9 24

A 10 25
" A 2;

A 12 2

A 13 27I
A 14 28S
A 15 25
A M ~ 29
A 17 29
A R 30

2. The hole from which the core was ta'-en was locatr'c' in Albany
Count y, '!oing, township 15N, ranre. 71*. section 2.

A.
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Warren Siting Area: Core No. 9 (Hole CR-35); Series I Tests

Resul ts

3 petrograDhic examination

3. About 13 ft of NX rock core from depths of 17.1 through 30.3 ft
in hole CR-35 was received in October 1958 for testing. The petrographic
specimen is identified below:

CD Serial No. Piece No. Depth, ft Length, ft

I SA-SO-2 DC-9 15 28 1/4

4. All of tiie pieces of core were similar in appearance except
that the bottom. portion of Diece 16 and the top portion of piece 17 were
unusually coarse grained. 'lost fracture surfaces were fresh and
apparently were produced in drilling.

5. The test procedure waF the same as that for the other rocks in
this series.

6. The rock is coarse-grained, pink granite with white and black
patches composed of pink microcline, white olagioclase, colorless quartz,
and black biotite with snaller amounTs of hornble'ade, kaolinite, pyroxene,
and several other minerals. The nlagioclase is either albite or oligclase.

Z7 There is some alteration of the feldspars, especially of the plagioclase.

7. The rock in this core is similar to the reddish granites from
* holea MR-42 and CR-48; all three cores may have been tat-en in the same

igneous body.

8. The size of the pinkish microcline nhenocrysts decreased fron
I a naxinum over I in. in CR-42 to about 3/4 in. in CR-48 to about 1/2 in.

in the present core (photograph I). As-the size of the nicrocline
phenocrysts decreased, the white Plagioclase phenocrysts increased in
size until they reached a maximum size of about 1/2 in. in the oresent

f core.

9. If there are significant differences in physical propertiesj_ between these three cores, they may relate to the textural variations
just described.

Schmidt number, specific gravity, porosity, and tensile strength

10. Three specimens were selected for the basic tests. Results are
given below:
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Warren Sitint' Area: Gore N,). 9 (Hole C-R-35); Series I Tests

AF t

Photograprh 1. Sawed surface of piece 15
fromi core hole CII-35, depth 28 ft, natural
size.
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j t arren Siting Area: Core No. 9 (Hole CR-35); Series I Tests

Schmidt Tensile
Rebound SLandard Specific V Strength,
Number Deviation Gravity Yorosity psi

3c 54.5 2.77 2.0.66 0.4 955
,.'b 53.3 3.29 2.596 0.0 990
.Tb 5G .2 2.15 2.598 0.0 560

. - 5-2 .'7 2.74-- 2.98 0 .1- 87"-0"

I 'car tes;ts

11. Direct single plane shear tests conducted on specimens 2a, 7b.
, :• !Ba yielded shear strengths of 935, 1080, and 985 nsi, respectively.

, average, 1000 psi, is somewhat lower than that of the other granite
f.n- the W'arren area.

;,confined compressive strength tests

12. Unconfined compressive strength tests were conducted on five
i-tcimens, three cyclic tests and two conventional tests. The results,

-.ven below, indicate good uniformity of the CR-35 core and comparable
ierength to the other Warren area granite.

Unconfined
Compressive

Core No. Depth, ft Strength, psi

3a 18 21,300
7a 22 21,700

10a 25 21,740
14a 28 21,360
17a 29 23,700

Avg 24 21,960

13. Specimens 3a, 7a, and 17a had two vertical and two horizontal
Ilketrical resistance gages affixed in order to monitor strain during
.. ading. Unloading cycles were made at 5000-psi intervals up to 15,000 psi.

'tess-strain curvez are given in plates 2, 3, and 4. The hysteresis
"Pg were small and closed. The peculiar shape of the third cycle curve

SSrcimen 17a is unexplained. Possibly the strain gage loosened during
--ading. A posttest photograph of the test specimens, plate 5, shows the
"I;4 ure of failure, steep sided coning.

j !! of deformation

14. Young's modulus, shear modulus, bulk modulus, and Poisson's
"j 110 were computed on three samples by the dynamic (fundamental
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Warren Siting Area: Core No. 9 (Hole CR-35); Series I Tests

frequency) miethod and on three unconfined corivressive strength specimens
statically at approximately 50 percent of the ultimiate strength. Results
are given below:

Young's Modulus Shear Modulus Bulk
Core of Elasticity, (..1odulus of Rigidity), Modulu% Poisson's

No. Dsi x 106 psi x 10 psi x 10' Ratio

Dynamically

9 4.78 1.93 3.06 0.24

Statically

3a 7.80 3.28 4.19 0.19
7a 7.90 3.24 4.70 0.22

17a 8.10 3.24 5.40 0.25
Avg Static 7.93 3.25 4.76 0.22

Velocity measurements

15. The compressional wave velocity was determined directly as the
sonic: propagation velocity on specimen No. 9 to be 12,545 fps. The shear

Sjwave velocity was determined from the torsional frequency obtained in the
noduli determinations to be 7350 fps.

Conclusions

15. The CR-35 core is identified as a coarse-grained, pink granite
similar to the rock from holes CR-42 and CR-48. Consensus results of

5 physical properties are:

Property Result

Specific gravity 2.69
Perce'at porosity 0.1
Compressive strength, psi 21,960
Tensile strzngth, psi 870
Young's modulus, psi x 106 7.9
Compressional wave velocity, fps 12,545

16
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DATA REPORT - HOLE CR-39 CORES
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WAF IN S!T G A.,..,A
I1 i

Core No. ' (H!ole C!R-39)

1. Fourteen toices of cf-r, ":ere t(,ccived fr-, :arren i,-.
on 7 October 195:, dc.i.n::t-d C!-"3 c-r,?'. ýn'.rxrs "ere. assigne.iindicated.

IFI

Si'n Ar*.rroxi.,ate
Sa:,r'e Des n! ior- DUrpth, ,ft

A : 55

A 2 57

A 53 r
A 59 si-j

A 5
B •144
B 7 145 rC
B 8 145

9 147

C 10 192

C 1,
C 12 195
C 13 19A
C 14 197

2. The hole from which the- core was taken was located in A!%-:
County, Iyoming, township 14N, range 711, section 23.

!1 I
I?

Il
f: 2tYIr2I: i • _• . . ,



WJarren Siting-Area: Core No. '5 (Hole CR-39): Series I Tests 4

Results

. etrographic examiination

3. About 15 ft of N1X rock core fre three depths in hole CR-39in Albany County, Wyoming, were received on 7 October 1968 for testing.d , - The petrographic specimens are identified below:

CD Serial No. Piece No. Depth, ft Length, ft

8AMSO-2 DC-7 6 (bottom portion) 1I44 1/3SAMSO-2 DC-7 12 (bottom portion) 195.3
4. All of the pieces of core were similar in appearance and noare-existing fracture surfaces were seen. The petrogrAphic work wassimilar to that done for all of the previous rocks in this test series.
5. The core is composed of coarse-grained, light-colored grayish

rock which was logged as granite. The Detrographic data indicate graniteIs a Suitable name.

The rock is comnosed largely of quartz, potassium feldspar,plagioclase feldspar (probably oligoclase), and ,iotite u:ith a lesser°'.•unt of hornblende ana a little kaolinite. The appearance of the
rock t 'wn by photograph 1.

7. This core was compared with the core frrm hole CR-42 sinceAlbany both were coarseE-grained granites. The results of this eCuwparison areshown bel ow.

Core from Hole CR-39 Core fr-r HoIe CR-42
Coarse-grained light- Coar.e-vraflned
colored granite reddibeh granite
All breaks in core Old fImne.-. ,ted frac-appear to be fresh. tures are n:.'Jr',,Js.

Abundant biotite. Practic• ly .n blotite

No montnorillonitic clay Some nont.''-.2it'c clay

More quartz :s this core 4
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ty.arren Sitling Ci: Oo-c N,ý. (11kde C"-39); Scr i(s I Tests
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-e Siting Area: Core No. • (Hole CR-39); Series I Tests

4- The presence of the mont'norillonitic cl~y and the old fracture
- r. in the core from hole CR-42 int'icates that there has been more

An of this rock and that it is more brol-en. The presence of
S ,.sting fracture systems in the rock from. core hole CR-42 nay well
S:-nly differerce of any inportance between the cores from the two 4

*A
4l- .t nunber, specific gravity, porosity, and tensile strength

9. Three specimens from each depth interval were selected for the
test. However, due to the apparent uniform nature of the rock,

!he three samples from the middle interval were subjected to allS-,4!. Results are given below:

Schmidt Tensile ;
Rebound Standard Specific le Strength,
N -, Number Deviation Gravity Porosity psi

Sample A - 50-ft Depth

52.1 3.32 2.706 -

U 53.4 3.11 2.711 -

54.•5 3. 60 2.717
53.3

Sample B -l5-ft Depth

"1 52.5 3.08 2.718 0.8 775
4 51.2 2.90 2.712 0.7 845

49.9 2.78 2.708 0.4 825

S2 2.9-2- 2.713 0 -7 815

Sample C 195-ft Depth

52.0 2.65 2.720 - 4

-' 52.8 3.38 2.705 -
51.8 2.84 2.712
"• 52.2-29T 2.712

:-.*eations are that the CR-39 core is a hard, uniform material through-

the depths sampled.
at*4 tests

•- Direct single plane shear tests were conducted on one specimen
: each of the three depth intervals as indicated:

!75
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i:nrren Siting Area: Core No..• (Hole CR-39); Series I Tests

Specimen Depth, Shear m"cd
No. ft Strenqth, psi

4b 59 1340 rat
rb 44 1305 fre

12a 195_1O st.0

Avg - 1370 ar:

Unconfined conlJ)ressive strength tests
Cor.

1l. Conventional unconfined compressive strength tests were No _4
conducted on specinens from. the upper and lower depth intervals and
cyclic compressive tests on specimens fron the niddle depth interval.
The results, given below, again indicate the uniform nature of the
CMl-39 core. A

Unconfined
Core Depth, Compress ive

No. ft Strength, psi

2a 57 21,840 71

3b 58 21,200 8b

Avg 58 21,100

7b 145 20,400 S8b 146 21,000
9a 147 20,000 th.

Avg l4r, 20,470

30a 192 20,480
lla 193 21,770
13a 191 21,510
Avg 194 21,250

12. The specinens from the middle depth interval had two vertical
and tuo horizontal electrical resistance gages affixed in order to
nonitr-r strain during loading. Unloading cycles were made at 5000-psi
intervals up to 15,009 psi. Stress-strain curves are given in plates 2,
3, and 4. The hysteresis loops were small and closed. A posttest phot*'-
gravh of the test specimens, plate 5, shows the nature of failure, stec' Ve"

sided coning.
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-M
t ren siting Area: Core No. 6 (Hole CR-39); Series I Tests

-- . n.'- f deformation

. Young's modulus, shear modulus, bul!: .modulus, and Poisson's
I..., were computed on three sa-ples by the dynaic (fundamental

. method and on the unconfined compressive strength specimens
,,,ic'y at approxinately 50 percent of the ultimate strength. Results

,- ricen below: A

fYoung's modulus Shear 'lodulus Bulk
,• of Elasticity, (Modulus of Rigidity), Modalus Poisson's.64Zr s., psi x 10_ psi x 100 psi x 10 Ratio

Dynamically
8.85 3.95 3.89 0.12

8.38 3.88 3.33 0.08
. 8.06 3.45 3.95 0.16

Statically .1

8.00 3.03 7.41 0.32
7.80 3.12 5.20 0.25
7.90 3.04 6.58 0.30

ta'city measurements

14. The compressional wave velocity was determined directly as
!'•s •nic propagation velocity, and the shear wave velocity was deter-*6rd from the torsional frequency obtained in the moduli determinations.

Compressional Shear
SCore Ve locity, VelIocity,

No. f ps fps

1 17,360 10,440
-6 17,100 10,3655r .. 14• 16,-,30 9,755

S.1 vlctAvg 17,030 10 18
:test 3'0 s~h-ear velcity is approximately 60 percent of the compressionaliure, vt o'" :• • ty.

177
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!,arren Siting Area: Core No. ' (Hole CR-39); Series I Tests

Conclusions

15. The CR-39 core is identified as a coarse-grained granite
somewhat similar to the core frop hole CR-42. The core is very
uniforn in physical Properties throughout the sa'iples tested.
Consensus results of physical pro!)crties are:

Pronerty Results

Specific gravity 2.71
Percent porosity 0.f
Compressive strength, psi 20,940
Tensile strength, nsi 815
Young's modulus, psi x 10& 8.0
Conmressional wave velocity, fps 17,030

4=
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APPENDIX H

., O - HOLE CR-42 CORES

27 SEPTEMBER 1968
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rr

'Ak'JN.TI'NG ARE~A

Core No. 2 (Holo CR.A42)

1 . Tweny piece~s -i. i. icieifitere va

A 3 3

A 3
A 4 4

- -A 41
A 742
B .. 94

VB 9 R 5 7I
313 tq7

B 1'1

C 17 l'R5

20 1 q7

2. The hole. frv.:-, whic'h the e:'re wgas tnaken --as located1 in Albpny
Cnunty, Wyomring, tnwnshit) 13N, T-an,- 721-7, Sectinn Q. All core was
diri'lc.1l vertically. Spec!-.uens werp cut as r-quired for the various
tests; each segmcnt of the SjW(1 '-.tn -;as giv.en a letter designat inn
signifying the sectim' cut; for eyain.:le, speci'mr: "a wzas the first

I ~test pieve cict from srpeci-,en 17.
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*~n~Sitin- Area: Co re N. 2 (C.R-i42); Series ITests

S• ~Resulrts
S-aph1ahic examinationf

j. About 15 ft of NX rock core from three depths in core hole
n Albany County, Wyom:ing, was received in September 1968 for

The three pieces of the core that were used fur petrographic

.. ,-,.nation are identifi. i below:

SCD Serial No. Piece No. Depth, ft Length, ft

SSASO-2 OC-2(A) 1 37.9 About 1/2 i!a
SAMSO-2 DC-2(A) 13 89.5 About 1/3

SAmSO-2 DC-2(T) 20 188.0 About 1/2

2. Piece 1 appeared to be the most weathered or altered; piece
S,.• the least affected, and piece 20 was more like piece 1. Aside from

t•9s variation in physical condition, all the core was similar in
-tarance.

3. Representative portions of piece 1 and of piece 13 were ground
pass a No. 325 sieve (44p) and examined by X-ray diffractometry using

.. kel-filtered copper radiation.

4g. Two thin section: were made from piece 13 and examired with
4 v :olarizing microscope.

5. Piece 20 was sawed axially, and this surface was photographed.

A.. All of the rock was logged in the field as red granite with
I [-onite staining numerous fractures. Additional examination in the
4 ,Onratory indicates that granite is a suitable name for this rock.

7. There were numerous near vertical iron-stained cpen joints
nany horizontal fractures in the core that was tested in this

",,oratory. Most of the horizontal breaks were fresh and appeared to
Sdue to the drilling. The iron staining on joint surfaces indicatedIIS

9 -3t these were old breaks. Most of the iron staining was due to
":'-•nlte (tan) tut that on piece 13 was due to hematite (red). This
"ierence in color indicates less weathering in piece 13.

8. The rock is coarnosed of r'.ntmorillonitic clay, quartz, potash
.F '',spar (microcline), plagioclase feldspar, hornblende, and small
4 I'Unts of mica and art opaque mineral. Some of the :eldspars, mostly

SPlagioclase, show aome alteration to a clay mineral.
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.*:arren Siting Area: Core No. 2 (C!ý-42): Series I Tests

0. The presence of ',.ore mont.•i•ritllniti: clay in picce I than
in niece 13 confirms the visual impression that: piece !3 is fresherS.: rock.

V:). The roc'.. is c oarse -gra ined with the aaexi-;um, grain dimension
ranging up to about half an inch (photogra,,h 1).

SIIts . The rltocn.* ouarsetz i n ed wih h :1xi.l, gra,' ies

I1. An estimated composition fnor this roc': is shown below:

S." Uartz 20
Sficr,,¢ Iine 30

• "Plas~ioc 1ase 4a9 - 45"
!tornblende 5
Clay un to 5 - 10I °

. These numbers were obtaiied by comparison with an X-ray pattern of
U. S. Geological Survey sta dard granite G-2 and by consideration of
its Composition._*

Schmidt number, specific gravity, •orosity, and tensile strength

12. Three specimens from each dep:th interval were selected f.'r
the basic tests. Results are given below:

Schmidt Tensile
Rebound Standard Specific Strength,

Core Number Deviation Gravity Porosity prii.

26. Sanple A - 40-ft Depth

!"21; 46.9 6.79 2.654 0.7 600
36 48.3 4.23 2.664 0.5 720

7$; 52.6; 6.07 2.574 0o. 820

Avg 49.3 5.70 2.667 0.4 710

Sample B - 90-ft Depth

9a 49.s 4.65 2.674 0.4 S20
12c 51.9 3.37 2.668 0.4 850
15b 51.2 4.77 2.649 3.5 950
Avg 71.0 2.671 0.4 qO j

(Continued)

S• Cly-s, F., ".Moda! composition of U.S.G.S. reference sample C-2.'"
! chimica et Cosmochimica ;,eta, vol 31, No. 3, pD 43;3-54 '(1947).

S18r
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Warren Siting Area: Core No. 2 (Cf-42); Series I Tests

(Continued)

Sch,-, ict Tensile
Rebound 3tan-Ia td Specific Strength,

Core Number Deviatin Gravity Pornsity psi

Sample C-185-ft Depth

17h 47.5 3.87 2. A0 0.5
)Sa 48.7 4.83 2.669 0.0 700
23a 52.8 3.414 2.560 1.0 890 ' -

Avg 4.05 2.r3 0.5 7-Q

13. The results indicate that the CR-42 core is less dense an.'.
more porous than the Lara-.ie core; however, it may be considered a h:.rd..
dense roc.. Difference in the core with depth is not pronounced in tte

data from the basic tests. The variation, as indicated by the standa-: )
deviation of the rebound number, is greater than the Laramie core, euc

possibly to the numerous small fractures and/or constituents of the r:cr.
The tensile strengtl. is very much lower than the Laramie core (780 versus
1400 psi), possibly due also to the numerous small fractures. Posttest
nhotographs of the test specimens are given in plate 1.

Shear tests

14. Direct, single pla.e shear tests were conducted on three
s•.ples from the 90-ft depth interval. Due to the larger diameter (f
the CR-42 core, the 2.38-in.-diameter shear blocks were used. Shear
strengtbs of 216,0, 1700, and 1970 psi were obtained on samples S, 9b,
and 9c, respectively. Again, the average strength, 1910 'psi, was
snew.iat lower than the Laranie core (2420 psi).

Unconfined compressive tests

15. Conventional unconfined compressive tests were conducted .-;'
specimens from the upper and lower depth intervals and cyclic co-tpre
tests on specimens from the middle depth interval. Results are given
below:

Unconf ined
Comp,. -ssive

Core No. Depth, ft Strength, psi

2a 33 13,200
3a 39 13,300
7a 42 16,300

Ave 40 14,270

(Continued)
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.irren SitirEI Area: Core No. 2 (CR-42); Series I Tests

j (Continued)

Uncon.fined
Cocipressiv'e

Core No. Depth, ft Streagth, psi

12a 9823,000
13a 89 20,200

-4 15 902,0

cca~~~~ncnindcmpressive strength reut edt usataeteoservaionstally etroapproximathey 50r percenmo the ul-t hisat strewhath besutsrI; sver bh tpel or oe rassmld

You-ang' coulues Shegiear i oduluts Bu0lMs ko hesecmn
ofte la sticis-ty, i (rodlutoshi of thi Moduic-las, i tp essn .,

-!In. Th h st reis lops we e ssetynamicsd; li tlar siuy

5la 32 110.w h ntr ffilrsepsie1oigJ.1n ncope v tet Cofntinued) ock
of de ornit1io

17 Y u g ' t o ul s , s e a m d l u , u k od l s , a n oi s o '



Warren Siting Area: Core No. 2 (CR-42); Series I Tests 42-2

(Continued)

Young's Modulus Shear M!odulus Bulk
Core of Elasticity, (Mojulus of Ri0idity), llrxi'lus, Pnis.2,n!,
N p psi x 10. psi x 0 .2/]! ~ Statically,

2a 1).21 4.10 4.2 2 0.22)

-- •12a 9.75 4;.06 5.42 0.2"'.

t:15a 10.25 4.19 0.9 .22

17a 9.21 4.0f5 4.22* 3.14h-
"/;l~a 9.30 3.7/4 .9.61 a.3 A.

19a 11.77 4.72 7.87 0.25
Avg Static 10.00 4.06 7.33 0.27

EA

R * Deleted from average.

- . 18. ThM moduli are comparable to those obtained on the Laramic
core. Computation of static results at 50 percent of the ultimate
strength ,esults in hirher moduli compnared to the dynamic results
due to the higher stress levels involved. Low bulk moduli on speci.ernt
3a and 17a are the result of low Poisson's ratio obtained on these tw-'
s pecinens

Velocity measurements

19. The compressional velocity was determined directly as the
sonic Dropagation velocity, and the shear wave velocity was deternir.r'

from the torsional frequency obtained in the moduli determinations.

SCompr Ie.!i a.nal Shear

Core Pulse Velocity, Velocity,
No. fps fps

4 16,780 95'i0
12 15,610 9680
17 13,615 7980

Avg 15,340 9070

The shear velocity is approximately 59 percent of the co-nIrressiofnal
velocity.

ho" Il,
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~Jarren Siting Are4: Core No. 2 (CR-42); Series I Tests

Conclusions

20. The CR-J42 core is identified as a granite with litnonite
ox -,iningnumerous frectures. The rock was not as homnogeneous with

Ra'.-- nn)r as competent as w~as the Laramie core. Consensus resultsA
o-ephysical properties for the core tested compared to the

.I-ie core are:

0.?Property Laramie Core CR-42 Core
0.22.

0.2 *cif ic gravity 2.72 2.57
0.2~~ ~ poros ity0.05

0.31 -,%pressive strength, psi 21,600 18,000
0 2 &nsile strength, psi 1,400 780

t:,ng Is modulus, psi x 106 11.8 10.0
0.21 -!%epressional wave velocity, fps 19,800 15,300

:nate
-Its

Ithese ti.-

las the
i1eternitfl?.

.~itons.

j.iocnal
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Warren Siting Area& Core No. 2 (CR-42); Series II Tests

Results

• •Hydrostatic compression

21. Hydrostatic compressive tests were conducted on three apeci.
mens, one each to pressures of 9000, 18,000, and 36,000 psi. The
specimens were prepared in a manner similar to the unconfined compressiv
tests except that the tests at 18,000 and 36,'100 psi were conducted oft
l.5-in.-diameter specimens recored from the NX aize cores so as to have
sufficient axial load capacity to fracture the specimens. Some difficult,,
'was experienced with the gages on the CR-42 cores. The vertical gages 04

the specimen tested to 9000 psi (12b) and both vertical and horizontal
gages on the specimen tested to 36,000 psi (4b) failed under the hydro-.
static pressure. Stress-strain curves for the horizontal and-vertical
deformations for specimen 4a and the horizontal deformation for specime"
12b are given in plates 12, 13, and 14, respectively. Utilizing the
results of loading cycles 3 and 4, the bulk modulus, K, was computed .
for specimen 4a from the relation:

e 2 1 s3 f"

where:

a - hydrostatic stress

e a vertical strain

e2 = = horizontal strain

The bulk modulus was computed for specimen 12b by using the horizontal
strain thrice.

Specimen Maximum Bulk Modulus, 1,
No. Stress, psi 'K psi

12b 9,000 5.00 C
"4a 18,000 6.67 A

The bulk moduli agree quite well with the dynamically determined moduli PCi
(paragraph 17). The almost equal strains obtained in the vertical and
horizontal directions on specimen 4s !ndicate isotropy in this particulsun
specimen. C

1.94
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Warren Siting Area: Ctre Nc. 2 (CR-42); Series It Tests

22. Triaxial tests were conducted on the same specimens utilizedSthe hydrostatic tests at confining pressures equal to the hydrostaticMe $pact[. - tsures previously applied. Stress-strain curves are given in platesiT 5 and 16 for specimens 4a and 12b, respectively. Young's modulus,•COapr~a,:.• • puted as the initial tangent, and Poisson's ratio for specimen 4a•ucte4 • • .re 12.0 x 106 psi and 0.25, respectively.

e dittf•,v : 23. The Mohr's circles for all tests are given in plate 17. TheCal gsai, • -...elope was constructed utilizing the results of the unconfined, theorizorlt#: -3.000, and the 36,000 psi triaxial tests of the weaker rock. An initialthe hydr-. 6 ,-le of shearing resistance of approximately 45 degrees and a slightlymvert:" Ivng envelope are indicatr1 for the less competent material. Theor specie.. =onfined strength (22,000 psi) and the one triaxial test at 9000 psiing the conaining prebsure on the better rock indicate a higher initial envelope
computsd sagle, 52 degrees.

24. The compressional wave velocity was recorded during test to
SI&,ure of two specimens. 4a and 4b. Equipment malfunction preventedm ussurements during test of specimen 12b. Results are given below:

.Specimen a Specimen 4b•-__••A= i Wave Axial Wave E

: -Stress. Velocity, Stress, Velocity,S• _= .psi fps -..psi
";• 0 18.940 0 18,940

19.000 (hydrostatic) 20,830 36,000 (hydrostatic) 20,830rizonts 30.000 21,930 50,000 21,930
$3.000 23,140 75,000 23.140
*S.030 24,500 100,000 24,500

1:9I.00 24.500 125,000 26.040S150,000 26,040

X osiderable difficulty ws experienced in obtaining a valid wave picture.
• 0 the results should be considered only approximate due to the necessity'Z teing the extremely small specimens (1.5 in. diameter, 3 in. long).ed 1, I 1 _'ver, indications are that the velocity does change somewhat underical ' 4 rasa. A posttest photograph of the test specimen is given in plate 18.-:'sps~:'tt i ed compression

25. Confined compression tests were conducted on two specimens"k'red essential~y as the triaxial test specimens. Confining pressure
aPPlied to prevent lateral stranitq, as axial load was applied by the
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Warren Sitink Area: Core No. 2 (CR-42); Series II Tests

piston. Therefore, a pseudo one-dimensional state of stress was induced
from which can be computed a constrained modulus. The axial stress-.

I strain curves are given in plates 19 and 20. AThe lateral stress requar.4
to maintain a condition of no lateral strain is given on the far left of
the curves. The gages failed after 7500 psi. lateral pressure had been-
applied to sptcimen 14a.

26. The constrained modulus, Mc may be computed from theory ofJ
elasticity:

E (l-u)
Me (lu) (1-2u)

a•

whbere:

R Young's modulus

u - Poiqson's ratio

Using the results from the triaxial test of the more competent material
(9 a 12.0 x 106 psi; u = 0.25), the constrained modulus is computed toS be 14.4 x 106 psi. The constrained modulus computed on the linear porqiOn
of the stress-strain curve for specimen 16a is approximately 15.0 x 10 psi.
Good agreement is, therefore, indicated between the theoretical and expert-
mental results.

ME

3

1A

.196
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WRCtN SITWG APE!

Core No. 8- (Role CR.-48)

1. Fourteen pieces of, core were received from the 1I-arren areaf
on12 October 1968, designated CR~-48 core. Numbe~rs w~ere assigned as

inidicated.

Spec imen Approxcimnate
Sanple De'-ignation Depth, f t

A 1 27
A 2 28

A 4 30

B 5 95
B 95

B 7 97

C 9 182
C 10 183
C 11 184.
C 12 185
C 13 181;
C 14 187

2. The hole from which the co-rh was taken was located in Lar iner

County, Colorado, township 12N, range 70W, sectizvi 20.

SX S
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VWarren Siting Area: Core .No. R (Hole CR-48): Series I Tests

Results

petrographic examination

3. About 15 ft of NX rock. core in 14 pieces, representing three
denths in hold CR-4S, w.re received in October l9A8 for testing. The
tetrograThic sample is identified below:

4A
CD Serial lo. Piece No. Denth, ft Length, ft -- :

SAX0O-2 DC-10 8 (top portion) 98 1/3 i a

14. All 14 nieces of core ,ere similar in appearance except that
the natches of black hornblende and biotite in the middle portion of
piece 8 were s.ialler in size and nore nu.erous than in the rest of the
vi ece s. ,

5. The broken surfaces of the pieces of core appeared to represent

fresh fractures associated with the drilling procedure rather than old

fractures. A

S. The test procedure was si-nilar to that followed in examining z
the other samples of this series.

7. The rock in this core is coarse-grained, reddish granite
(photograph 1) composed of pink nicrocline, white plagioclase feldspar,
quartz, and biotite, with smaller amounts of hornblende, l:aolinite,
Pyroxene, calcite, muscovite, and an opaque mineral. The plagioclase _:Z
is either albite or oligoclase. There is some alteration of the
feldspars, mainly of the plagioclase, to kaolinite.

8. Comparison with the reddish granite from core hole CR-42
indicates that the rock fln the two cores is similar except that the
C,-48 cores contain abundant biotite which was virtually absent in
CR-42 cores. The CRM48 cores do not contain the limonite-coated fractures

_hich _ere common in CR-42.

Schmidt number- specific gravity, porosity, and -ensile strength

9. Three snecinens from each depth interval were selected for the
bAsic test. Due to the apparent uniform nature of the rock, only the
t tree samples from the middle interval were subjected to all tests.

5es"lts are given below:
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*•arren Siting. Area: Core No. S (Hole CR-48); Series I Thsts

Schmidt Tensile

Rebound Standard Spec if ic Strength,
Number Deviation Gravi~t Porosity .si

Sample A - 30-ft Depth

57.4 4.91 2.658 - 105
57.3 4.9 6 2.558 - 1260
55.0 3. 0;4 2.654 - 1350

4.50 2.557 - 1230

Sample B - 95-ft Depth

59.1 4.25 2.552 0.5 1205•"
,, 59.3 3.14 2. 67L, 0.0 1235

57.9 4.41 2.66f2 0.6 1080
58.4 4.10 2.566 0.4 1175

Samtple C - 185-ft Denth

54.9 3.21 2.e'f2 - 1295
57.9 3.*43 2.603 - 1125
58.1 4.50 2.556 - 1185
57.0 3.71" .27 - 1200

S'ications are that the CR-48 core is a relatively uniform, moderately
*"t naterial of little porosity.

ý'Wlf tests

). Direct single plane shear tests were conducted on one s~mple
each of the three depth intervals. Shear strengths of 1310, 1460,
"'13 psi (average 1450 psi) were obtained on specimens 2c, 7c, and

:' esnectively. A posttest phu.tograph of the test specimen is given
"* '2te I.

•.i~ cornpressive strength tests

I. Conventional unconfined comprýssive strength tests were conducted
a 'cImens from the upper and lower depth intervals and cyclic compressive"It specimens from the middle depth interval. Results are given below:

Best Availablo Copy

2a1



-wrren Siting Area: Core Ns (iiole CR-40) q~iries -I Tests

Unc~onrin~rd
* Co-:!jre~s§ve

Core No. Depth. ft 'ýtreon-1th psi.-

la 27 -17,110

2b 28 20,173
4b 3021,310

Avg 19,53

5a 95 1,0
96 21,9)30

7a 97 23,03WO
Avg 96 22,076

1 0a 183 '24,230

ia .114 -23,030

13b 186 24,310 >
Avg 185 24,020

Only a sl-ight change of strength is evident with dlepth, hardly sufficient ~
to be of consequence in a material such as rockt.

12. The specinens from the 'iiddle depth interval had two verticnI
and two horizontal electrical resistance strain gages affixed in order
to mecasure strain during, testing. Unloading cycle's were made at 500)1-usi

3,and 4. Tate stress-strain relationshi~s were linear a.1nost to failure,.
hysteresis was negligible. T6--dompute the deforvintion -noduli, a tansment
at .50 oercent of the altimate strength w~as constructed as .. dashed line .3
on the stress-strain curves. A :posttest photograph of the test srnecirnens,
plate 5, shows the nature of failure, steep sided coning.

Mlodul i of deformation

13. Young's modulus, shear modulus, bull- nodulus, and Poisson's
ratio were conputed on sample No. 9 by the dynamic (fundamental frequency)
method anci on the unconfined comipressive strength specimens statically at
aDproxi:'itely 50 percent of the ultimate strength. Results are given
bel OW:

Young's 71odulus Shear '.Iodulus Bulk
Core of rilasticity, fl11&dulus of Riiiy, lod ulus, Poisson's t

Dynamically

8 9.81 4.21 4.95 0.17

(Continued)
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- are Sitingt t, Aa: core No. 8 (Hole CR-48); Sries I -Tests

(Conltinued)

Young'"s Iodultue Shear Modulus Bu~ll-,-Coe of IElasticity, (Ilo~dulus of fli~idity). "Modulus, Poisson's
-- no si x 10 ~ Dsi x I0- DSI. x l0,; Rat io,

S 54a 9.90 3.93 .88 0.26'4 9.80 3.813 7.42 0,28
7a 9.40 3.75i '.27 0.25

V ~elocity m!easurem~ents

1.The coMr~izessjonal. wave velocity uas determineddietya
Sthe sonic propagation velocity on specimen No. 8 to be 18,260 f ps. .The
-~shear wave velocity was determined from the torsional frequency obtained

in-the-moduli determinations to be 10,885 fps, 1;0 percent of thie compres-
ýT sional velocity.4 Conclusions

15. The CRZ-48 core is identified as a coarse-h. 'ined, reddish granite-Zsinilar to the core frrwi hole CR-42 except that the CR-48 cores containSabundant biotite which was virtually abse'nt in CR-42 -cores*. The ccre isAF relatively uniform with depth, although not as uniform as the core from'hole C11-39. Consensus results of physical properties are:

Property Result

Specific gravity 26
Percent porosity 0.4
Compressive strength, ps 21,870 -
Tensile strength, "3si 1,200
Young's modulus, psi x 10~ 9.7

Compressional wiave veloc~ity, fps 18,2'i0

11;41
~223



'-4.-'A.4

4:4

-Vta

PLATE~ 1 21

-~ I R



................

4 .-...a.1 a........ .........

V ~ J:::~:::::T~z~i~:Th .:.. .r ..........'. .. * a

H£H i ....

.. ... . .. . . .... 0

~~~ ..... ... i ~o

(.~ .......................

* r4

........ ... 0 01.:::

!r 0 0

0 0.. .. 
0.0.

c I.0
.. . . . .

v n 7'

....... .. . ....

.25 ........
.. ... .....

.. . .... .. ....



1. fill 1t 41

~Hil

-dl'l H jtjlýLi - i

14 -

Ih Hill 11 1 rm.
*' q1426: -IMiHl



itWH.
lii j I it.PI *af __

tilliii~ ~ .________

HHHHH

'i'4

**~ !Jim".

ItI H n., iH

Ia W~t_..
I(INd). N I~

... ........

22U7I I



-~~~ n--r

Potes1htorp

PLM5 2

-.dorl z



APPENDIX J

DATA RCIVORT - Hnl,.Z CR-10 CO..S

23 OCTUB'.IR 1949

229



-v - - .

WARREN SITING ARrA -

Core No. 7 (Hole CR-10)

1. Thirteen pieces of core were received fron the Warren area
on 7 October 1958, designated CR-10) core. 14u'ibers were assigned as
indicated.

Spec inen Approxim~ate
Sample Designation Depth, ft

A 1 28
A 2 29
A 359
A 14 59

B5 140
B 1 141
B 7 1143
B 8 1414
C 919
C 10 191
C 11 192
C 12 194
C 13 .195

2. The hole fron which the core was taken was located in Albany
County, Wyoming, township 24N-, range 73W, section 114.

23D



":arren Sitinr Area: Core No. 7 (Hole C1-10); Series I Tests

Results

"r'raphic examination

3. About 15 ft of NX rocl- core fron three depths in hole CR-l0

•ro received 7 October 1918 for testing. The petrographic sample

described below:

CD Serial ?No. Piece No. Depth, ft Length, ft

SA'L20-2 DC-S 9 (top portion) 143 1/3

4. The test procedure was similar to that used for previous sa-iples

in this series.

5. The two pieces of core representing depths between 27.9-29.9 ft

were white veg-natite like that shown in the central portion of photograph

I. All of the other 1 nieces were more like the top and bottom parts of

•hr core- length shown in photograph 1. 4i

5. The piece of core shown in photograph I is not a typical length

e. core, but it does have the advantage of showing the extremes of appearance

an one piece of core. The black roek at each end of this piece is typical

-f most of the roct: in this core. However, alternations in composition apd

r,,*arance as evidenced by photograph I are cov-ion in rocks of this type.

7. The core was logged in the field as gneiss, and this is a suitable

designation for this rock. Gneiss is the rock nave for a metamorphic rock

that shows alternatir.g layers of light and dark colored ninerals. This

Is originally an igneous rock, Probably a tonalite.

8. The typical black gneiss in this core is conposed of quartz,

tlagioclase feldspar, and biotite with much smaller amounts of P.,nphibole

(.olorless), nicrocline, and kaolinite. The plagioclase is albite or

"ligoclase and is not much altered to clay or sericite.

9. The white pegmatite contains the same minerais as the black

rtneiss but in different amounts. There is less biotite and more quartz t

ond 'ricrocline in the white rock than in the black material.

"10. All of the rock is medium grained and fairly equigranular with

little development of crystal outline by individual grains.
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iLarren :. Ar'ea: Core No. 7 (Hole CR-10); Series I Tests

R.

?Photograoh 1. Sawed surface of niece 8 (top
11 L Dortion) from core hole CR-10, depth 143 ft,

natural size. The dark part of the core isI
tvrical of most of the rock in the whole core
while the white Dortion, typifies sm~all areas
of vegm~atite.

5-11
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•-= jarren Siting Area: Core No. 7 Mole CR-10); "*eries I Test's

.h, ddt number, specific gravity, porosity, and tensile strength

ll. Three speci,:*.ns frot each denth interval were selected for
the basic tests. Results are !rven belomi:

Sch.nidt Tensile
Rebound Standard Specific Strength,

core Number Deviation Gravity Porosity psi

Sample A - 30-ft I)e!'th

lb 58.9 5.03 2.r,35 0.0 1290
2a 55.7 4.45 2.533 0.4 14352c* * 2.527 0.9 *

Avg 57.3 4.74 2.1;32 0.4 1350

Sample B- 140-ft Depth

fa 52.5 3.87 2.753 0.0 850
7a 54.7 3.97 2.724 0.0) 1140
9b 56.7 4.65 2.712 0.6 1225

ýAvg 54.6 4.15 2.730 0.2 1070

Sample C- 195-ft Denth

13b 54.8 4.63 2.752 0.41 1160
12c 55.0 3.76 2.722 0.7 975
13c 52.9 4.04 2;744 1.1 800
Avg 54.2 4.14 2.739 0.7 980

Specinen too short to test.

12. The light-colored gneiss from the upper elevation is not as
dense as the other material, but has a higher rebound number and tensile
strength. This may be explained by the foliation in sa'iples from the
lower elevations which could be ex-oected to result in lower strength
indications.

Shear tests

13. Direct single plane shear tests were conducted on three
sanples of the foliated gneiss. Shear strengths of 1370, 1220, and
1543 psi (average 1370) were obtained on samples Ad, 8c, and 12a,
respectively. A Dosttest photograph of the specimens is given in
plate I.

'I
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W -arren Siting Area: Core No. 7 (Hole CR-l0); Series I Tests

Unconfined compressive strength tests

l4. Conventional unconfined compressive strength tests were
conducted on specimens from the upper and lower depth intervals and

i cyclic comoressive tests on specimens from the middle depth interval. -,•
Results are given below:

Unconfined - "
Compressive

Core No. Depth, ft Strength, psi

la 28 28,000 4
lc 28 30.700
2b 29 31,100

Avg 28 29,930

5a 1140 16,800
fic 141 ' 12,100
8a 1144 2-3-TIO

Avg 1142 17,3'

9a 190 12,000
lOa 191 114,300
13b 196 13,500
Avg 192 13,270

15. All specimens had two vertical and two horizontal electrical
resistance gages affixed in order to monitor strain during loading.
Unloading cycles were made at 5000 and 10,000 psi on the cyclic tests.
Stress-strain curves are given in plates 2-10. The hysteresis loops
were small and closed. A posttest photograph of the test specimens,
plate 11, shows the nature of failure, steep sided coning, prevalent
in the more solid specimens from the upper elevation. The foliated
specimens failed along the bands of dissimilar material in mtost every
case; thus, the lowar indicated strengths for the lower elevations.

Moduli of deformation

16. Young's todulus, shear modulus, bulk modulus, and Poisson's
ratio were computed on three samples by the dynamic (fundamental
frequency) method and on the unconfined comipressive strength specie-ns
statically at approximately 50 percent of the ultimate strength. Resul"1

are given below:

2-I
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i.,:arren Siting Area: Core jo. 7 (hole CH-10): Series I Tests . •.p'j

Young's "Modulus Shear Modulus Bulk
Core of Elasticit7, (Modulusof 1Pi~idity), Modulus, Poisson's

P -t.i x 10• nsi x 10 .Dsi x 10• Ratio

2xnamically

2 87 3.10 2.94 0.11
8 9.839 4.30 4.70 0.15

13 10.08 4.20 5.A0 0.20

Statically

la8.) 3. ; 4.38 0.20
Ic :.77 3.68 4.72 0.19
2b 8.81 3.54 5.06 0.21
5a 9.33 3.73 5.22 0.25
Ac 9.37 3.47 10.41 0.35
8a 10.00 4.07 K.17 0.23
9a 8.57 3.17 9.52 0.35

l ~a 9.00 3.78 4.94 0.19
13b 9.72 3.835 6.75 0.25
Avg Static 9.15 3.67 5.51 0.25

17. The Young's and shear ,qouli are relatively consistent between
the solid and foliated material. However, the Poisson's ratio for the
foliated roclk (samples 5a through 13b) is quite variable which results
In high variability of the bulk modultuq.

Velocity measurements

18. The compressional wave velocity was determined directly as
the sonic prooagation velocity; and the shear wave velocity was deter-
lined fron the torsional frequency obtained in the noduli deterninations.

Contressional Shear
Core Velocity, Velocity,

No. fps fps

2 15,590 9,415
8 17,890 10,915

13 18,225 10,835

u111 Avg 17,240 10,390

"".e shear velocity is ap-roxirmately 60 percent of the comniressional velocity,
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- ~ ~ l ~wre ling Area: Core No. 7O deR4 ; Serief ITet

Conc~lus ion-s

K K_19. The CR-10 core is identified as a, gneiss. The light-colored -

miaterial (here fro'm the upper elevation) is significantly different fr.

the foliated rock. The lower strength of f oliated rock is due to thti~
nature of failure--along the bands of dissimilar material. A

ItProperty Light Colored FOliatcd

Specific gravity 2.3:.7

Comipressive- strength, psi 29,930,130
Tensile strength, psi 8.86 9.321

Young's modulus, psi x 106 8.1ý

Compressional wave velocity, fps 15,590l80

kI

tJ

IN

236,



u.; •arren Siting Area: Core No. 3 (CR-10): Series l'I Tests

2" _Results

"~.fto•Styi compression K
. 20. Hydrostatic compressive tests were conducted on three sreci-

• *,, one each to pressures of 9000, 18,000, and 36,000 psi. The
"4 ,.,fj'tens were prepared in a manner similar to the unconfined compressive

It except that the test at 35,000 psi was conducted on a 1.5-in.-
-t*ter specimen recored from the NX size cores so as to have sufficient

".s load capacity to fracture the specimens. Some difficulty wab"-: ',,rlenced with the gages on the specimen tested to 36,000 psi.•
.1lizing the results of loading cycles 3 and 4, the bulk modulus, K

. coiputed from the relation:

K K =
.e 4. e

§ ~ t# 1 2 3

4= hydrostatic stress

cI = vertical strain

C2 = C3 horizontal strain

21. Information for the specimens is given below:

Stress-Strain Bulk
'len Maximum Curves in Modulus

-•t Stress, psi Plates K, psi

• 9,000 12, 13 6.33
$ 18,C,00 14, 15 7.43

35,000 15, 17 7.22 (rt 18,000 psi)

•-U2 'Vns 6b and id strained almost equally in the two mutually perpen-

111 directions; however, inisotropy is indicated in specimen 5b by
j equal strains measured in the two different directions. However,
"• '-tal strain in-all three directions for the two specimens tested to

09 si is approdimately equal. This, of course, is the significance U
t, bulk modulus, i.e., the three mutually perpendicular strains may vary.but, when combined, they yield a bulk modulus comparable to a

uI nhich has strained equally in all directions. The moduli are
'*;Ible to those obtained in the Series I tests.

237



Warren Siting Area: Core No. 3 (CR-10); Series II Tests

Triaxial compression

22. Triaxial tests were conducted on the same apecimens utilized
for the hydrostatic tests at confining pressures equal to the hydrostati.
pressures previously applied. Stress-strain curves are given in plAt@$
18, 19, and 20. The maximum deviator stress, Young's modulus, computedas the initial tangent, and Poisson's ratio are given below:

Young's
Specimen Confining Deviator Modulus Poisson's

No. Stress, psi Stress, psi psi x 106 Ratio

6b 9,000 58,000 13.0 0.25 1
5b 18,000 90,000 12.0 0.23

6d 36,000 105,000 11.0 0.21
Young's moduli determined on the triaxial tests are apparently somewhat

higher than the moduli previously determined on the utconfined tests.
Possibly the lateral pressure in the triaxial tests reduces the tendency
of the bedding planes to move under load, resulting in less strain and.
hence, higher moduli.

23. The Mohr's circles for all tests are given in plate 21. An
initial angle of she a-f.g resistance of approximately 45 deg is indi-
cated. However, the ZAX.,re envelope develops a prohounced curvature
above 9000 psi confining pressure and appears to be approaching
linearity at 36,000 psi confining-.pressure. Discretion must be used
in interpreting the results of the triaxial test for the CR-10 core.
The stratified nature of the rock violates the first requirement for
a triaxial test, homogeneity of the test specimen. Therefore, the
apparent approaching linearity of the envelope should not be considered
the yield limit of the rock in the Von 14ises tradition, but probably
is a result of the bedding and stratification.

24. The compressional wave velocity was recorded during test to
failure of two speciviens, 5b and 5b. Equipment malfunction prevented
measurements during test of specimen 6d. Results are given below:

Specimen Sb Specimen fb
Axial Wave Axial Wave

Stress, Velocity, Stress, Velocity,
psi fps psi fps

0 17,000 0 18,000
9,000 (Hydrostatic) 18,570 18,000 (Hydrostatic) 19,500

20,000 19,000 20,000 20,000
30,000 21,000 40,000 20,703
40,000 22,500 60,000 • 23,400
50,000 23,700 80,000 25,000
60,000 24,500 90,000 25,000
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• ~ Warren Sitin• ra Core No. 3 (CR-10); Series 11 Tests

ncsicerable diff!culty was experienced in obtaining a valid wave
"• cture, however, indications are that the velocity does change

S,-ewhat undeL sL.: ss. A posttest photograph of the test specimens
t :S given in plate 22.

.••fined compression

25. Confin&l compression tests were conducted on two specimens,
it and 12b, prepared essentially as the triaxial test specimens.
zn.fining pressure was applied to prevent lateral straining as axialS•2j- was applied by the piston. Thererore, a pseudo 'one-dimensilonal

atAte of stress was induced, from which can be computed a constrained
0 .. ulus. The axial stres';-strain curves are given 3n plates 23 and 24.

! •e lateral stress required to maintain a dondition of no lateral strain
.9 r iven on the far left of the curves.

26. The constrained modulus, Mc may be computed from:
$c

' ,• "c =(l1u) (-2u)

E = Young's modflils

iU = 'Poissen's ratio

-sing the average results from the triaxial tests (E 12.0 x 105 psi:
2 0.23), the constrained modulus is computed to be 13.9 x 10 psi.

Oe constrained modulus computed as a tangent at the midpoint of the
to-ress-strain curves for specimens 6 e and 12b is approximately
3 $.0 x 10 psi for both specimens. Reasonably good agreement is,
S.•refore, indicated between the theoretical and experimental results.
Significantly, the stress-strain curves for this rock are nonlinear at
t* 30,000 psi lateral pressure level as were those for the soda diorite

f ;rv the Laramie area. The CR-42 material, however, developed a linear
I 41ress-strain relationship at higher lateral pressure.

239

-!I



- -- - --- ~ t4# l~,.&1~ U. - t-~- -,1 'f 4

- ~q~rut

Ia

F-,

tr~c - - - 2-al -

-- 277

.t4 -..

.t-Po-ttestr Motoraph

P L AA1 24



N. I .

:.±:. ~ ~ ~ ~ .. ......:i~'i~iI ...

*~~~~. .y...rt .... j..+..
I -H

16,000 t............................

6-"10 it' I b4I

:7~ .1 !:j. .........1jh ;;; I.... d .. ...... ....... !I11!~ z
ft ............

.. .. .. .

. . . . ............ .. .zciztn:;&

A :1t~t,8::i00:R:i
4i: t atS-~AI~Ji

01000 2000 3000 4000

FLAA



h77

MCA

ItQ

It!

M. . *.-M - =

44

li,0

... .. . .. .. . .. . .. . .

0. 
0....

0:-. r

4 . ....

2101
........

_________ 
____.__ 

...... 
__.........._



-
M .

....... ..

--- - -------

....................................

... .. ....

.ji . .....

F-.. . ........... . .

.. . . . . . . .

... ...... m . ..
niz-...... ..

9 0 03

1 4-4

FLATE 3

242



..... .1 W

.. . . . . . . . . . . . .. ........

24 000 ,- 
~

WT..... ......

~~~. . ..r . .......A I C R V

11

. .. .... ...

-: 
t 

. . . . .4



PA .... ..

iF In.. r

.... .....

I r**t

1.71, ............................... 4.... .... ... ....
Q ~ ~ ~ ...... .. iI 1

RATEto



. . . ..... ...... ... . ...

........ .... ....... .... >
* , ..... ... .... ..

............ :.. :.. :.

..:~ .... .... ... ____

-.--.-.... .. .....-

. ... . . ..

. . ... .. . . ... ..

.......................

It *:i''~ ....... ............. ..... .. .......

.aI, 0

.:::k ..* * ....

I .44

k. -..................... 

... ...

0 ... ..

-: -.- -. .......
o . ...... . .'*** * g

........... ....... .. . . ..

.. . .-. .------

0 C

a.-2

(-Sd)

2~i5 PLATE6

24M



.. ......

F8
S. ~. ... . - ,. . . , t

- -~ ::I.~::;1; ~:!i ............ . ____

i; 0

..........

49 41

01
0u it0

Hl !-i 0'
44

... ... 0...
.... .... ..

PLAT 17 :



7:'1

28,000I~i;

...- I .. . . . ,

24,0 0 ... . .. .... -

±~..-...... ..

201000 ........ ...... t......... ....... ................................. .. ... ... .

.. .. . ......

16000

1400 pii1

12000 --00-----

14
.. .. .. .. .IN 4

4. ...........



4'

24,000P

1;;! .;t ý- hw Ii..

4!;

ii~WL:.....TRES-TRAN CP%

St :.~

16,00......................0 ::a,' ~C-l~r

J- 444

I! I!.V :'t ::



28 0. .... ......:;

28I ~ . ......

'I
... ... .. ... ..

*'~! ......... ..

__L6__,00050~

',: :' 7: : .. ..

0 000 200.. .000 .4....0.IT
S2RAI1 ~ ~ -(uorin/ja.

... ...... 10
..........

4000



Posttest Photograph

PLATE U

250

.4t

'N - A



:4-V

T :. .-

7TT747P7i

.4 . .4 .......

:~- M .1 h
LEF

. I ......
+' 

...-.
-. .44:.-if

go C4J

........... PLATE_ -d-
.~ . .4...... ......



17- ..........I....

f-d

... .... ... .. . .

-1 g:

* 4+-

.. . . . .. . ....

0 00

CD'z C

loo ajosain lau~oapI

=T 13-.I. ~ 0-

~ 252



.... .1 .. . ...

. ...........

00

00

.. ..... ...

.... ... .j - 7 T Km

iii~. ... ....._ _ __..I I i'A
[:K JCt ý ______

Isd ga anssad ai~Iso jpA~j

PA71E25J



IlkI

00

... .. .. .... .. 7 =

*1'***... 
. .. c, 0.... ... -t4

000 -

-. 
0 0

0 0
0 

010

C-44
PLATE 1-



.. .. .. .. . ..

... ..... ...
.- 4-to

I t
---- -----

'. ....~~~7 ' ...... 00

000 00.

5: N

. ........

4 ............. 0 0

... . .... .. ::I .. 0l

. .~ ...... V

... .. ..... ...r

00

PLATEr 16

255



...................................

.............. ... ..... .. ....
.4..... ....

.: . .. .. ... ....

...-- -1 . ...__ _ . .. .....

-4...,... ..........

... 2i EC........ ..... 00.

DF -7 t;-3..----

:1~~ .. ..... ..T= I

1 ~ CN 0~

:..1.qu :r: .. ...7i T .

..... . -l.......

.. .. .... ..... 1, * :::4: ýX :

Ii~j~i ~..... ._..._...

00
o l 00

ysd 'aanssaid Die;.opAH

PL.ATE 1?

256

-- 4MM



"T1 .. .....

777

..... .... ....
..........

.... . .....

40... ......

.... ... .....50 ...... ....

. ~ ~ ~ ~ ~ ~ 4 ... .. ............

I-I

40I -f4

.. .. .. ... ....

30

0 .00. 2000 300 400

225

'e'



120<

-T . ........

.- ... .... ....... . . t
loo ......... ............... . . . . ... .I.......

120:: .. _ .. .......

..... . . ...

.. :: ..-T =

........... _. . ..

o -X - --.

.. .... :. .

.8 .. . .. .......
... ... .. .

I -.:.:- '= Z= ' ---- ---

77 "r........ ....

....ii ....
V,4 .. .

2 ..... - ~ g......... -- -



V.'

~~Ll

14v .... ..

.....;..
.. ...2. ..

t::: 7.1

.1 0

40

.. . .. . ...

20

. .. ... 06

44.. ..........~

200 400 8:30
Strain, ~ ~ mirin/

RAT12
4259



.. . . .. ...

::.7

....... ... ..

SpS

.. .. .. . . .
in-4::- ý
CL1V:7 t

W% ~ ~ :.% .....

-6

oootl x tsd IssuxS a'v'iS

PLATE 21
26m)

.4



iS1

I r -. i

11•

S• Posttest Photograph of Test Specimens

44

0l PATW2



i F:7
*ju U..'. I

.404.

~ .... T ll
id:~ ~: .

*~t ~:rz.

U4 -c:: ;:r-.

10

0"0

PIAW 23
262



I : _ 
__ 

__ 

__

pn

7t t.... .. -... t#... - -

.. ... ...

~~~~~. .: :. t -4

. TIT

..... U.4

C-4

0 4:i7u

r=TE2

sz3-264te XV

H> i4



- - --- i ! I

DAT REPOR - HOECR1 CORES

+--

sif w

I1
"- I

o 1

i °
APPENDIX K

" DATA REPORT - HOLE..CR-15 CORES

29 OCTOIRER 1968

4

26i
- 26

*1

- -- I-



•:'-:•- WARREN SITING AREA •

-__ _ =.-

Core No. I0(.,le CR-15)

: •1. Nineteen pieces- of core were received frnm the Warren r-ea
* a n 11 October 1958, designated CR-15 core. Numbers were assigned Z3

indicated. ;.

•.4:Specimen Approximate
SSample Des ignation Depth, ft

A 1 75
__A 2 76

SA 3 78
A 4 80

-A 5 93
A 94

A 7 95
C o 0( B 8 109

B 9 110
•B i0 ill

on~ 11 Ocoe1981einte9R1 oe ubrswr sinde

,•C 12 120C 13 120
AC 14 821
C 15 188
C -16 189

C 17 190
C 19 192

_=,2. The hole from which the core was taken was located in AlbanyCCunty, Wyoming, township 21N, range 72W, section 8.

,.- 266
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aren Siting Area: Core No. 10 (Hole Cq-15); Series I Tests

Results

examination

S . About 13 ft of NX core from several depths in hole CP-15 was
Sve,i in October 19A8 for testing. The petrographic specimens are

,onti fied below:

Cu Serial No. Piece No. Depth, ft Length, ft

sA:.ISO-2 DC-8 2 7; 1/4
SAMSO-2 DC-8 9 (top portion) 1l0 1/3
.SA.:S0-2 DC-8 17 (top portion) 190 1/3

4. The core sample included banded pegmatitic gneiss as well av
v• iin-grained amphibolite. The distribution in the core samples is
-. atmn below:

Piece Approximate
No. Length, ft Rock Type

-2edium-grained amphibolite
.1-132)

8-10 2 White gneissic pegmatite
14-19 5-1/2 Banded amnhibolite and pegmatite

5. The entire core is metamorphic rock. Most of the fracture
czrfaces appeared to be fresh, but a few were old breaks, partially

1 --,ered with a thin layer of calcite.

. '. The test procedure was generally similar to that followed for
*te nther samples in this test series. X-ray diffraction patterns of
"* dark amDhibolite and of the pale gray pegmatitic gneiss were made.
""lt handed rock was examined on sawed and broken surfaces. Two thin

'Ictinns of amphibolite were examined.

7. The typical roLk of this core is medium-grained amphibolite

"'"-osed largely of hornblende and plagioclase, with some quartz and

' le chlorite, biotite, yellow iron sulfide, and probably pyroxene.

R. The white gneissic pegmatlte in pieces 8-10 is coarser grained
41 the amphibolite and consists largely of plagioclase and quartz with

S=little biotite.
9. The material in pieces 14-19 is predominantly amphibolite with

"*I?•y narrow bands of -white 6-aaissic pegmatiite.

26W1
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Warren Siti.:,z Aze.: -_'re No. 10 (4ole CR-15); Series I Tests

10. Photo .a:z!- I shows the well-developed foliation and the grain

size of the anphzo!_ite. Photogravh 2 illustrates the aDnearance of t.p
banded amphiboli -e •-.eiss.

Schniidt number, grific •ravity, "orositv, tensile strength

II. Three sez-e-.s fron each depth interval were selected for thr

basic tests. Re=-lts are given below:

- Tensile
Rebound --tandard Specific Strength,

Core Number Deviation Gravyity Porosity Vsi

Sa-.Dle A - SO-ft Depth

2a 50.7 2.1;3 3.053 0.0 2260
3b 52.7 3.70 3.078 0.0 2150
7b 54.2 4.17 3.062 0.0 2375

Avg 52.5 3.50 3.064 0.0 2250

Sample B - 110-ft Depth

8a 57.0 3.20 2.674 0.0 1070

8c ,5.7 5.03 2.704 0.0 1240

lOb 59.9 4.02 2.691 0.0 1095

Avg 57.5 4.08 2. 090 0.0 1135

Sa-Dle C - 190-ft Depth

l4b 53.', 3.47 2.898 0.0 1795
16b 54.8 4.51 2.965 0.0 2575
18a 53.7 4.42 2.931 0.0 2300

Avg 53.9 4.17 2.931 0.0 2220

12. The light-colored gneiss from the 110-ft depth is substantially

different from the darker material. The banded rock from thr 110-ft dp'vt
apparently represents an average combination of the two extremes. The
unusually high indicated tensile strengths from the unper and lower
depths should be considered with respect to the nature of the rock.
Tested across the bands, as done here, foliated specimens would be
expected to give a higher indicated strength than specimens tested al"IW
the foliation.

268
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Warren Siting Area: Core No. 10 (Hfole CR-IS); Series I Tests
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W•.rren Siting Area: Core No. 10 (Hole CP-15); Series I Tests

Shear tests

I 13. Direct single plane shear tests were con~uctei on saM.!les
of the foliated rock. Shear strengths of 110, 1225, and 1285 I)si
(average 1215 psi) were obtained on specimens 13a, 1,a, and 18b,
respectively. The shear strengths are :2nusually low when compared
to the tensile and co,itres.sive strengths. However. they are orobably

J representative of the shear strength of the naterial since the shearing
force was applied almost parallel to the foliation. A posttest ohotograph
of tve test speci-iens is given in plate 1.

Lunconfined zo--zressive strength tests

2: .14. Unconfined cnompressive strength tests were conducted on three

specimens each fronm the three depth intervals. One. of each group was
a cyclic test. Results are given below:

Unconfined
rComressive

Core No. Depth, ft Strength, psi

3a 79 27,500
5a* 93 27,700
7a 95 37,100

Avg 89 30,770

8b* 109 . 27,200 1'
"9b 110 23,200

"l0a Ili
Avg 110 29,200

13b* 120 40,700
l1;c 189 30,900
17b 190 27 10G

Avg l• 32,900

• Cvcled.

15. The difference in material is not percentible in the compressive.
strength results; however, the strength is quite variable which could be
attributed to the foliated nature of the rock. All specimens had two
vertical Pne two horizontal electrical gages affixed in order to monitor
strain during ioading. Unloading cycles were made at 5000-psi intervals
'in to 15,000 psi on the cyclic :;_•ecimens. Stress-strain curves are given
in plates 2-10. The hysteresis loops were snail and closed. A posttest
""•htogranh of the test sper-i'ens, plate 11, shows the nature of failure,
steep sided coning.

""7
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Warren Siting Area: Core No. 10 (Hole CR-15); Series I Test,,

M4oduli of deformation

I'. Young's modulus, shear modulus, bulk modulus, and Pois.q-,
ratio were computed on three saloles by the dynamic (fundamental
frequency) method and-on the unconfined compressive strength speci-4n,statically at approximately 50 percent of the ultimate strength.

Results are given below:

Young's Modulus Shear Modulus Bulk
Core of Elasticity, (Modulus of Ri.idity), :Modulus, Poisscr,

No. psi x l0 psi x 10 psi X 10' Hatin

Dynamically

S15.22 6.50 7.69 OA.7

15 13.52 5.80 6.83 0.17

Statically

3a 13.10 5.24 8.73 0.25
Sa 15.20 5.98 11.01 0.27 -.

7a 16.00 6.35 11.11 0.2,
8b 11.20 4.66 6.22 0.2-
9b 11.60 4.79 6.66 0.2i

lOa 12.GO 4.88 7.41 0.23
13b 15.30 5.57 10.45 0. 24
15c 13.30 -5.32 3.87 0.2S
l7b 13.50 5.53 8.04 0.22

* Could not be determined.

17. A cursory examination of the data reveals that the rock f r--
the middle interval, specimens 8b, 9b, and 10a, is slightly more de -
than the other material.

Velocity measurements

18. The compressional wave velocity uas determined directly 84 :
sonic Dropagation velocity, and the shear wave velocity was deter.iri*

from the torsional frequency obtained in the moduli determinations.

272
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Wjarren Siting Area: Core No. 10 (Hole CR-I5); Series I Tests

Conpressional Shear
Core Velocity, Velocity,

No. fps fps

18,975 12,705
9 15,905 *

15 18,280 12,130

could not be determined.

The shear velocity is approximately S7 percent of the compressional
velocity.

Conclusions

19. The CR-15 core is identified as an annhibolite. -The three
samples received from three depth intervals were different in physical
properties as indicated below:

Property Upper Middle Lower

Color Dark Light Banded
Specific gravity 3.0.; 2.69 2.93
Percent porosity 0.0 0.0 0.0
Compressive strength, psi 30,770 A.f, 2 00 32,900
Tensile strength, Tsi 2,250 1,135 2,220
Young's nodulus, psi x 10" 14.8 11.5 14.4
Comnressional wave velocity, fps 18,975 15,905 18,280

i
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U. S. ARMY ,A-GINEER WATERWAYS EXPERIMENT SATION
CORPS OF ENG6NFERSAIR M AtVCSUG 0-sslr 90

Rap TO --SCC 11 February 1959

SUBJECT: Thermal Property Tests of Warren Area Cores f
Commander
Space and Zissile Systems Organization
ATtN: iLt R. C. Tart. Jr. (S.:QI.F)
Norton Air Force Base, California 9'.409

1

1. As requested by !Mt R. G. Tart, Jr. of your office and :Mr. M1. V. Anthony 12

of TRXA, Inc., thermal property tests were conducted on sanples of core from fc
four holes in the Warren Siting Area: CP-4, 15, 19, and 33. The thernal

St diffusivityand spacific heat were dcter•,ine,: by test, and the ther:,al 4.
conductivity was calculated fur each of the samplcs. Pr

re

2. The ores were sawed to 5-in. lengths and drilled axially with s-.all
diamond drills. An iron-constantan ther-nocouple coated with waterproof
cerent was placed at the centsr of each core znd grouted in place. The
thermocouple u.as conn-2cted in series w~th a similar therrnocouple placecJ
in a cooline bath to fara a dif-frential therL:ocou.le systen uhich was
connected to a otentioneter. The cores were placed in heating baths
and brought to equi!iriun. At the 120 F equilibrilr tenperatire, readings
w ere taken and *lae s~eciren s:id4ienly in-rerse4 in a ce.alina bath of runninz 3 .
water at about 51 F. Te-.perature readings accurate to 0.02 F ware taken at
various tines during the coolinZ .?eriod. The tires -a:e ncted to within a as
few thousandths of a n.inute. The tie-teneratu-c coolinZ curves %are then
graphed. The ther.tal diffusivities of the cores :er• co-uted fron the CoT
time-teaperature curvez by use of the followiny fornula: N.

-:_C-: J .
• . T/ro = ~2t ) S(h2t)S

0 H ) (6 0 L1)

where: M.
P.

T = temperature difference at tine t, F

To = initial temperature difference, F

h2 = diffusi-.ity, ft 2 /hr

R = radius of core, ft

(Continued)

fI
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"91tSCC It February 19S9
i gBJECGT: Theroal Property Tests of Warren Area Cores

-" (Continued)

t time after iwmmersion in cooling bath, mmn

L = length of specimen, ft

"CWX) and S(Y) are functions expressing a solution
of the diffusion equation for a finite cylinder.
Explanation of and values for these fuactions are
given in Heat Conduction, Ingersoll, L. R., Zobel,
0. 1., and Ingersoll, A. C., pp 183-5, 256, 260,

-�1McGraw-Hill Book Co., 1948.

3. The specific heat was determined according to the test rrthod CaD-C
124--2 (Incl 1). The thermal conductivity w~s computed from the relation
for concrete given in method CaD-C 44-63 (Incl 2).

4. The results are given in table 1 (Incl 3). Apparently, the thermal
p properties of all the rock types examined are quite similar with the

Sexception of the rock from hole CR-19 previously identified as soda diorite.

fOR THE DIRECTOR.:

"3 Incl (quad) BRYANT MATIUE,
Engineer
Chief, Concrete Division

Copies w/ind furn ished:
N. P. Langley, Aerospace Corp.
J. Isenberg, AJA
S. Schuster, Applied Theory, Lnc.
P. Piepcr, Tt-W, Inc.
M. V. Anthony, TVl.J, Inc. (dupe)

f P. Gallo, Ken O'Brien & Assoc.
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(Issued I Sept. 1962) C 124

CRD-C 124-62

METHOD OF TEST FOR
SPECIFIC HEAT OF AGGREGATES

(Method of Mixtures)

Scope specific heat of aggregates according
to the method outlined herein t.he

1. This mt~thod of test covers a specimen to be used shall consist of
procedure for determining the mean approximately 2 lb of the aggregate
specific heat of aggregates by the to be tested. The specimen shall
method of mixtures using particles contain no particles larger than I in.
smaller than I in. in size. in size. When the material to be

tetted includes larger particles they
shall be crushed before testing.

Note.- WL.o n-or pert-e i n¢ ..r des-r-d .. d
theopecuntn -ay t, p•ulsetn d or gtrund to pa.. a %o.
20 .• the m-thd jlven in cr•D-C4Z.ahoeld tb -ed.

Not*.- If a larcgr calortmeter $. used the westgs of

Apparatus th spec•m a mna be socreased proportwoally.

2. The apparatus used in this test Procedure
shall consist of:

(a) Calorimeter.- A calorimeter :f 4. (a) Determination of the Water-
the vacuum-flast. type with exte:nal Equi, alent of the Calorimeter.- Ap-
insulation, large enough to accomrno- proximately 2 lb of water, weighed
date samples of approximately 2 ib in to the nearest 0.01 lb shall be placed
weight placed in a wire basket, and in the calorimeter. The calorimeter
provided with an insulated cover in shall be placed in the constant tem-
which are openings for thermometer perature room until temperature
and stirrer, equilibrium is attained. A weighed

(b) Thermometer.- A thermometer standard specimen of known spe-
graduated to 0.1 F, in the range 32- cific heat shall be placed in the wire
150 F. basket, the basket shall then be sus-

(c) Constant Temperature Bath, pended by a fine wire in either the
Hot.- An electrically heated constant hot or the cold constant tempera-
temperature bath with thermostat set ture bath until equilibrium is reached
at approximately 125 t I F. (about 15 minutes). The specimen

(d) Constant Temperature Bath, shaN have been weighed previously
Cold.- A refrigerated bath, with re- both dry, and in a dripping condition
fr -geration thermostatically con- after immersion. The water carry-
trolled at approximately 35 t I F. over shall be treated as descriL:d

(e) "as;,et.- A wire-mesh basket, in Paragraph 5 below. The temper-
of material of known specific heat, ature of the constant temperAture
approximately 4 in. in diameter b. 4 bath and of the water in the calorim-
in. high. eter shall be recorded to 0.05 F, and

(f) Balance.- A balance capable of the standard sa-rnple shall be placed
weighing 5 lb with an accuracy of inside the calorimeter. 7he water
±-0.005 lb. in the calorimeter -hall be stirred

(g) StandardSpecimen.- Aspecimen by manually raising and lowering the
of material of known specific heat, with wire attached to the specimen. This
the product of mass times specific supporting wire shall pass through
heat equal to approximately 0.4 B/lb. a minute hole in the cover. Temper-

(h) Timer.- A timer reading in atures shall be recorded each min-
minutes and seconds. ute during the temperature change,

and for several minutes after the
Specimen maximum change has occurred. The

time-temperature curve shall then be
3. For determinations of mean plotted as indicated by the example

Inel (1 of 2 sheets)
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(Issued I Sept. 1962)

2 METHOD OF TEST FOR SPECIFIC HFAT OF AGGREGATES (C 124-62)

given in Fig. I and the curve shall be calculations d&scribed in Paragraph
extrapolated as described below to 5 below. At least seven determina-
correct for the heat lost during the tions shall be made. Hot and cold
time the measuretnenits were being specimens shall be tested alternately
taken. The line EGF shall be so in order to prevent the temperature
drawn that the area BFG is equal to of the water in the calorimeter from
the area EGC. The approxima'e po- becoming greatly different from the§ I sition of line EGF shall be determizied room temperature. so that heat losses
by inspection. The line betweenzpoints will be small or negligible.
E and F gives the maximum tern-
perature change which the specimen Calculationsi i -would have attained had there been
no heat loss from the calorimeter. 5. The water equivalent (A the cal-
Thir temperature change shall be orimeter and the mean specific heat of
used in the calculations described in the sample of aggr,.-gate shall be cal-
Paragraph 5 below. culated from the f~llowing formulas:

(a) Water Equivalent.-

S3-

*~0--------where:
wrMe = water equivalent of calorimeter,

lb,
c= mean specific Ieat of £andard,

-* - --- e, B/lb-deg F,
*s I s* .o.•.c.-T. MI = weight of water placed in calo-

rimeter. lb,"Ti~",* -i". cl = mean specific heat of water,
it to. L-9 .' B/lb-deg F,

Fg 1. Time-teperatue history ote. The specific heat of water rjr be a/lbmed
C• - to b .3 t/bdgF-tctsstiaiero.

M T- Mb wtemperature change of water,

A T corrected for heat loss, deg F,

b d e i b i a i = weight of sam ple, lb, c )
e t r weight of water carry-over. Ibi

a. temperature change of sTmples
corrected for heat lofss deg F,

Fig. 1. Time-temperature history. c b = specific heat of basket, B/lb-deg

specific heat determination Fs andM Mb = weight of basket. lb.

(b) Determination of tLe Mean Spe-cific He~t of Aggregates.- The mean (it) Mean Specific Heat. -

• sp ecific heat of an aggregate shall
bhe determined by placing a weighed (Ml + Me)fTI - (Moc +M MCb)T

Ssample in either the hot or the cold c,= I e T
water bath. and proceeding as in sub-

i• paragraph 4(a). The sample shall
Shave been weighed previously both where:

dry, and in a dripping condition ima- ' =meanspecific heat of specimen,
mediately after removal from the B/lb-deg F. and
bath. and the water carry-over shall the remaining syrnbols have the same
be treated in accordance with the meaning as above.

Incl 1 (2 of 2 sheets)
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(Issued I June 1963) c t

CRD-C 44-63

METHOD FOR CALCULATION OF THERMAL
CONDUCTIVITY OF CONCRETE

Scope k O ,C

1. This method ib :uitable for where:
calculating the thermal conductivity k = thermal conductivity. Btu/ft-hro
of concrete from results of tests for deg F.
diffusivity and specific heat. a = thermal difusivity, ft2/hr,

C = volumetr-.c heat capacity. litu/iti.
Calculation deg F.

2. (a) The thermal conductivity of The thermal diffusivity shall be
concrete shall be calculated from the determined using method of test for
following equation: the r maal diffusivity of lightweight

concrete and similar materials. A
k = osW curve shall be made of diffusivity

versus moisture content for th.e
where: range used. The volumetric heat
k = thermal conductivity. Btu/,t-hr- capacity shall be calculated [torn thr

deg F. following equation:
a = thermal diffusivity,. ft 2 /hr,IS specific heat. Btu/ib-deg F, C w(c1  w

W = actual unit weight, lb/ft3 . 76"0)

The thermal diffusivity of concrete where:
shall be determined using either C = volumetric heat capacity. Btu/ft 3 _
Method CRD-C 36 or CRD-C 37. The deg F.
specific hea: of the concrete shall be V = dry unit weight. lb/ft3 .
determined according to the proce- cI = specific heat of dry sample.
dure of Method CRD-C 124. The unit w =moisture content. percent dry
weight of concrete shall be deter- weight.
mined using the'procedures of Meth-
od CRD-C 7. The specific heat of material re-

(b) The thermal conductivity of moved from diffusivity specim -n
lightweight concrete and similar ma- shall be determined according to the
terials at various moisture contents procedure of Method CRD-C 242.
shall be calculated from the following
equation:1  

Report

3. The calculated value for ther-Procedure based of pe.r: 'OTcas for Th ,rel mal conductivity shall be reported to
DifrIvityo1Graaflar M~at¢e.:Iay" Wtl'inra L..5hanon
sd Wisiirop A. weils. P.Wi.•wd r,.i.n . ofq two decirmal places, e.g.. k 1.35
Arn.ricas.Soc.d for 7.s:ing Mattrii.1. Vol 47.194u7. Btu/ft hr-deg F.

Incl2
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TABLE I

Thermal Properties of Warren Area Cores

Specific Conductivity*
Role Core Depth, Density, Diffusivity, Heat, C GSduct 10y

-o. No.- t lb/ft_ ft2/hr (1) BTU/Ib-F (2) FPH CGS x M03

V- 182 167.4 0.053 0.1936 1.72 7.104

CR-15 19 192 179.8 0.049 0.1878 1.65 6.811&

CR-19 2 16 176.8 0.032 0.1893 1.07 14.419

CR-35 8 23 166.4 0.051 0.1897 1.61 6.649

* FPH = BTU/(hr)(ft 2 ) (deg F pew: ft);

(M - cal/Csec) (cm2 ) (deg C oar cm).

NOTE: (1) Average of two tests.
(2) Average of seven te-tts.

Incl 3
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It. SUPPLAMEIt"ARV NOT62 12 PONIOR*NG MLSTAOV ACTIVITY

U. S. Air Force S~1Ace and Missile Systems
Organization, Air Force Systems Co:=and

Laborator; tests were conducted eni rock core sasroles received from ten core Loles
0 havior of the naterials. The results were to be used to determine tne usefulness of

tthe Warren Siting Area for potential missile sites. Series I tests (relative I-waniness,
to be relatively uniform, cormpetent gra:nite, di-orite, and gneiss rock. Series II
tests (tria-YJ .1a, hydlrostatic, and confined compression) indicated the rock to be rather
incompressible and brittle up to 36,000-psi triaxcial stress. Series III tests insli-
cated that the g-ranite and diorite had Hugoniot elastic limits or 50 kilobars or more
and the gneiss app-roximately 20 kIlobars. In order to better define the Physical and
mechanical behavior of the rock, triaxial tests to *kpproximately 150,000 Psi on in-
tact and jointed specimens and equation of state tests at pressures to approyainately
600 kilobars should be con~ducted.
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